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ON THE DETERMINATION OF CHOLINE IN THE LIVER AND 
PLASMA OF THE DOG* 


By C. ENTENMAN anp I. L. CHAIKOFF 
(From the Division of Physiology, University of California Medical School, Berkeley) 
(Received for publication, May 31, 1945) 


It was found in this laboratory that practically all phospholipids of 
plasma of the dog and man are of the choline-containing type, an observa- 
tion that is not in agreement with those of other investigators (1). It was 
pointed out that the explanation of the discrepancy between the results 
obtained here and elsewhere would probably be found in the methods 
employed for the determination of phospholipid choline. In the method 
used in this laboratory the reineckate of choline is precipitated in an acid 
medium (2). Glick, in a recent communication, states, however, that in 
order to avoid the precipitation by reineckate of compounds other than 
choline it is necessary to perform this precipitation in an alkaline medium 
(3). This worker compared the amount of reineckate precipitated at 
pH 8 to 10 and at pH 2 to 3 in extracts of hydrolyzed wheat germ, soy bean, 
yeast, calf liver, and hog brain. In the case of wheat germ and yeast, 
he found significant differences in the amounts of reineckate precipitated 
at these two pH ranges. In the case of calf liver and hog brain, the values 
obtained for each tissue at both pH ranges were strikingly similar when 10 
per cent KOH was used for hydrolysis. When saturated barium hydroxide 
was employed for hydrolysis, the values obtained for hog brain at the two 
pH ranges were in good agreement; a difference, however, was observed 
for calf liver. 

In view of the above considerations, it became of interest to compare 
the choline contents of plasma and liver phospholipids as determined by 
the method of Entenman et al. (2) and of Glick (3). This has been done 
in the present investigation. 


EXPERIMENTAL 


The following extracts were prepared from plasma and liver of the dog. 


Plasma Extracts 


Alcohol-Ether Extracts—Plasma was extracted with 30 volumes of 3:1 
' aleohol-ether mixture at 55° for 1 hour. The mixture was then filtered 
and the residue extracted with ether for 8 hours in a Soxhlet apparatus. 


* Aided by a grant from the Lederle Laboratories, Inc. 
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378 DETERMINATION OF CHOLINE 


The ether and alcohol-ether extracts were combined, filtered, and made 
to volume. 

Solution of Precipitated Phospholipids—A measured volume of the aleo- 
hol-ether extract described above was concentrated at 55° to a small volume 
(about 1 cc.) under reduced pressure in an atmosphere of CO.. The lipids 
of this concentrate were extracted with several portions of petroleum ether, 
The latter was then reduced to a small volume of approximately 1 ce. by 
boiling and the phospholipids precipitated by the addition of 30 cc. of 
acetone and 10 to 15 drops of a saturated solution of MgCl: in absolute 
alcohol. The mixture was centrifuged and the supernatant discarded. 
The precipitate was washed with acetone. It was then suspended in 2 ce. 
of ethyl ether and the phospholipids brought into solution by the addition 
of methanol. This ether-methanol solution was then made to volume. 

Methanol Extract—Separate samples of plasma were extracted with 30 
volumes of methanol for 1 hour at 55°. The extract was filtered and the 
residue washed with methanol. The extract and washings were made to 
volume. 

Acetone Extract—5 cc. of plasma were slowly transferred to a 50 ce. 
centrifuge tube containing 20 cc. of acetone; the latter was vigorously 
agitated with a glass rod during the transfer. The mixture was allowed 
to stand at room temperature for 30 minutes and then centrifuged. The 
supernatant was transferred to a volumetric flask and made to volume. 


Liver Extracts 


Alcohol-Ether Extract—Weighed samples of liver were ground in a mortar 
and extracted with ethyl alcohol at 55° for 2 hours. Approximately 150 ce. 
of alcohol were used for 20 to 25 gm. of liver. The supernatant was 
decanted through a filter paper and the residue extracted with a second 
portion of alcohol for 1 hour. The contents of the flask were then poured 
through the same filter paper and the two alcohol extracts combined. The 
tissue residue was then extracted overnight with ether in a Soxhlet appa- 
ratus and the ether extract added to the alcohol extracts. The alcohol 
and ether extracts were combined and made to a convenient volume. 

Solution of Precipitated Phospholipid—Aliquots of an alcohol-ether ex- 
tract prepared as described above were concentrated to a volume of about 
1 cc. under reduced pressure in an atmosphere of CO.. The lipids were 
removed from this concentrate with petroleum ether and the phospholipids 
precipitated from its petroleum ether solution as described above for 
plasma. The precipitated phospholipids were then redissolved in ethyl 


ether and methanol and made to volume. 
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Methods of Analysis 


Choline was determined by two methods, that of Entenman et al. (2) 
and that of Glick (3). Both methods were slightly modified. 

Method of Entenman et al.—The modification of the method of Entenman 
etal. consisted of the preparation of the barium hydroxide solution. 10 gm. 
of Ba(OH), were dissolved in 100 ee. of hot distilled water and the solution 
formed was filtered. 15 ce. of this solution were used for each hydrolysis 
instead of 15 ce. of a saturated solution of barium hydroxide as originally 
described. 

Glick’s Method—The hydrolysis was carried out as follows. An aliquot 
of an extract was added to a 125 ec. Erlenmeyer flask and the volume re- 
duced to about 5 ce. by evaporation on a steam bath. 15 cc. of the barium 
hydroxide solution prepared as described above were added to each flask 
and a bubble stopper placed on the flask. The mixture was then heated 
for 2 hours by direct contact with steam. After cooling, 1 drop of thymol- 
phthalein indicator was added and this was followed by the addition of 
glacial acetic acid, until the blue color just disappeared. The mixture 
was then filtered with suction through a medium sized fritted glass filter 
and the residue washed twice with distilled water. The filtrate was col- 
lected in a 30 ec. glass vial placed inside the suction flask. 

Choline was precipitated by the addition to the filtrate of a solution of 
the Reinecke salt in methanol, as described by Glick. The mixture was 
allowed to stand for 2 hours and then filtered through a fritted glass filter 
of medium porosity and the residue washed with 2.5 ce. of N propanol. 
The precipitate was dissolved in acetone, the acetone solution passed 
through the glass filter, and the filtrate collected in a 15 ec. centrifuge 
tube that had been placed inside the suction flask. The contents of the 
centrifuge tube were mixed thoroughly with a glass rod, the volume read, 
and the solution transferred to a colorimeter tube and stoppered. The 
color was determined by the Klett-Summerson photoelectric colorimeter, 
as previously described (2). 

Phosphorus was determined on aliquots of the various extracts by King’s 
method (4). 


Results 


Plasma—The following fractions of dog plasma prepared as described 
above were analyzed for choline and phosphorus. (1) An alcohol-ether 
extract, (2) an ethyl ether-methanol solution of phospholipids that had 
been precipitated from a petroleum ether extract of plasma, (3) a methanol 
extract, and (4) an acetone extract. The results are recorded in Table I. 

The choline contents of the aleohol-ether extracts of the plasma of seven 
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dogs were measured by the methods of Entenman, Taurog, and Chaikoff (2) 
and of Glick (8). The two values obtained for each of three plasma 
samples of Dogs 10, 12, and 13 were practically identical. The two values 
obtained for each of the other four plasma samples were also in good agree- 
ment. Thus the maximum difference was observed in the two values for 
Dog 15; these were 64.5 and 61.5 mg., the latter having been obtained by 
the Glick method. 

The choline contents of plasma phospholipids that had been precipitated 
by means of acetone and MgCl, were determined by the two methods and 
the values recorded in Table I. The agreement between the two values 
obtained for each of the seven plasma samples was exceedingly good. 

The choline contents of methanol extracts of three samples of plasma 
were compared by the two methods. The values obtained for two of the 
three extracts were practically identical. 

In Table I, two choline values are shown for each of three acetone ex- 
tracts of plasma. In a single sample (Dog 9) a difference of 2.6 mg. was 
observed between the two values obtained by the methods of Glick and of 
Entenman et al. But the two values obtained for the other two dogs 
(Nos. 10 and 11) agreed well. 

Table I shows the amounts of choline and phosphorus that can be ex- 
tracted from plasma by various types of solvents or procedures. The 
methanol and the alcohol-ether extracts contained the highest amounts 
of choline as judged by either method of estimation of choline. It is of 
interest to note here that extraction with alcohol and ether removes the 
same amount of choline from plasma as does treatment with methanol 
alone. These two extracts, however, contained only slightly more choline 
than did the fraction designated here as “‘precipitated phospholipids.”” As 
was to be expected, the lowest amounts of choline were found in the acetone 
extracts. 

The highest values for phosphorus were consistently found in the meth- 
anol extracts and the lowest in the acetone extracts. Good agreement, 
however, was observed between the phosphorus values of an alcohol-ether 
extract and of the fraction designated “precipitated phospholipids.” 

Liver—Two fractions of dog liver were analyzed for choline and phos- 
phorus, (1) an alcohol-ether extract and (2) an ethyl ether-methanol solu- 
tion of phospholipids that had been precipitated as described above. 

Alcohol-ether extracts were prepared from the livers of seven dogs and 
their choline contents, as measured by the methods of Glick and of Enten- 
man et al., compared (Table II). In only two of the extracts was good 
agreement observed between the two choline values (Dogs 4 and 7). In 
the other five extracts higher values were obtained by Entenman’s method 
than by Glick’s. Thus in the case of the liver extract of Dog 1, a difference 
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of 20 per cent was observed between the choline values as measured by 
the two methods. A similar difference was found in the alecohol-ether 
extract of the liver of Dog 3. 

The two values found for the choline content of phospholipids that had 
been isolated from a petroleum ether extract of liver by precipitation with 
acetone and MgCl, were in good agreement. In six of the eight samples 
analyzed the difference between the two values did not exceed 4 per cent; 


the maximum difference was 10 per cent. 


TaB_e II 
Comparison of Values Obtained for Choline Content of Extracts of Dog Liver by Methods 
of Glick and of Entenman et Al. 


Alcohol-ether-soluble Phospholipid 
ee, em ‘holine | Phos- | Choline | Phos- | Choline 
Choline phorus p Choline phorus p 
"00 - "00 ¥ mola! ratio "00 re r 4 molal ratio 
] I:ntenman ef al. 175 0.55 148 = 0.49 
. S2 78 

Glick 139 0.43 134 0.44 

2 Entenman et al. 139 71 0.50 111 67 0.42 
| Glick 112 0.40 109 0.42 

3 Entenman et al. 224 83 0.69 186 76 0.63 
| Glick 182 0.56 188 0.63 

4 Entenman et al. 308 139 0.57 274 132 0.54 
Glick 294 0.54 268 0.52 

5 Entenman et al. 340 145 0.60 264 122 0.56 
Glick 325 0.58 258 | 0.54 

6 Entenman et al. 344 146 0.60 320 139 0.59 
Glick 330 0.60 298 0.55 

7 Entenman et? al. 335 147 0.58 306 139 0.56 
Glick 334 0.58 206 0.55 

S Entenman et al. 158 62 0.65 
Glick 151 0.62 


* See the foot-note to Table I. 


The results presented in Table II show that the choline content of an 
alcohol-ether extract of the liver may be much higher than that of the 
fraction designated precipitated phospholipids. This was consistently the 
case only when the method of Entenman ¢/ al. was used for the determina- 
tion of choline. Thus, as judged by both methods, the amount of choline 
found to be alcohol-soluble in the livers of Dogs 4, 5, 6, and 7 was much 
greater than that found as phospholipids. But in Dogs 1, 2, and 3 the 
choline values of the two fractions as measured by the Glick method agreed 
quite closely, whereas when choline was measured by the method of Enten- 
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man ef al. the alcohol-ether-soluble choline was as much as 30 per cent 
higher than phospholipid choline. 

The phosphorus content of the solution of precipitated phospholipid was 
usually about 5 per cent less than that of the alcohol-ether extract. 


Comment 


The results of the present investigation show that identical choline values 
are obtained for plasma and liver phospholipids whether the choline 
reineckate is precipitated in the presence of 1.2 Nn HCl (method of Enten- 
man ef al.) or at a pH between 8 and 9 (Glick’s method). The phospholipid 
analyzed in these experiments represents a fraction that had been pre- 
cipitated from petroleum ether extracts of liver and plasma by acetone 
and MgCl.. The same choline values were also obtained by these two 
methods when analysis was made of an extract of plasma designated here 
“aleohol-ether soluble.” 

A definite difference did appear, however, in the choline values of an 
aleohol-ether extract of liver; in this case lower values were found when 
Glick’s method was used, This may mean, as Glick points out, that in an 
alkaline medium the precipitation of compounds other than choline by 
reineckate is less likely to occur. The fact that, in contrast to the alcohol- 
ether extract of liver, identical values were found for phospholipid choline 
is not surprising, since the phospholipids used for analysis here were first 
precipitated from a petroleum ether solution by the addition of acetone 
and MgCl, and subsequently washed with acetone, a procedure that served 
to free the phospholipids from the possible presence of compounds that 
form insoluble reineckates. 

It is of interest to note here that the ratios of choline to phosphorus for 
plasma phospholipids were found to be unity or quite close to unity when 
choline was determined by Glick’s method as well as when the method of 
Entenman ef al. was used. The earlier observation that all phospholipids 
of dog plasma are of the choline-containing type is therefore confirmed (1). 

The values observed for the choline content of the methyl alcohol-soluble 
fraction of plasma were somewhat higher than those for the other three 
fractions studied. Interestingly enough, the choline content of the pre- 
cipitated phospholipid fraction is but little less than that of the methyl 
aleohol extracts. The latter contained from 2 to 13 per cent (average 6) 
more choline than the phospholipid fraction. If allowance is made for the 
loss of phospholipids, probably less than 5 per cent, that occurs during their 
isolation, precipitation, and subsequent solution in a mixture of methanol 
and ether, it would appear that nearly all the choline contained in the 
methyl alcohol extract had been derived from plasma phospholipids. If, 
in addition, it is assumed that the choline content of the methyl alcohol 
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extract represents the total choline content of plasma, then the results 
presented here lead to the conclusion that dog plasma contains very little 
choline that is not bound as phospholipid. It can be estimated that less 
than 5 per cent of plasma choline exists in the free state. 

Further evidence that practically no free choline exists in plasma is 
provided by the data shown in Table III. Choline chloride was added to 
dog plasma and its recovery determined in an alcohol-ether extract of 
plasma and in a fraction of plasma designated as precipitated phospholipids, 
The preparation of each has been described in the section on plasma 
extracts. Practically all the added choline was recovered in the alcohol- 

TaB_e III 
Recovery of Choline Added to 6 Cc. of Dog Plasma in Its Alcohol-Ether Extract and in Its 
Precipitated Phospholipid Fraction 











Alcohol-ether extract of plasma | Pptd. phospholipid fraction of plasma 
—— | Choline I- ra a a as : 
sample No. — ea | Total Total 
plasma =| choline Recovery of added choline | __ choline Recovery of added choline 
| found | found | 
me. me. | meg. per cent me. me. | per cent 
| 
] 0 2.26 | 2.16 
2 0 2.25 2.16 
3 0 2.23 | 
4 0 2.29 
5 1.92 | 4.09 | 1.83 96.5 
6 1.92 4.15 1.89 98.5 
7 1.92 4.12 1.86 97.0 
8 1.92 | 4.06 | 1.80 94.0 
9 1.92 | id QUA 
10 1.92 j 2.12 0 0 


| | | 





ether extract. None of it was found in the phospholipid fraction. There 
can be no doubt, therefore, that the phospholipid fraction as prepared here 
does not retain free choline. 

The above conclusions on the amounts of free choline contained in dog 
plasma are not in line with the views of Luecke and Pearson (5), who report 
that from 24 to 31 per cent of the choline contained in the plasma of the 
horse, beef, and sheep, and as much as 26 per cent of human plasma, 
exists in the free form. These workers claim to have effected a separation 
of plasma choline into free and combined merely by the addition of acetone; 
they regard acetone-soluble choline as free choline. In reviewing the 
question of solvents for phospholipids, Thierfelder and Klenk (6) pointed 
out in 1930 that the amount of phospholipid from fresh organs soluble in 
acetone may be considerable. Luecke and Pearson (7) have shown that a 
water solution of soy bean lecithin can be completely precipitated by 
acetone, but it is not surprising that the solubility properties of phospho- 
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lipids as they exist in fresh tissue differ from those of isolated lecithin that 
has been subjected to various chemical procedures necessary for its isolation. 

In order to test the solubility of plasma phospholipids under the condi- 
tions described by Luecke and Pearson (5) 5 ce. of plasma were added to 
20 cc. of acetone and the resulting precipitate removed by centrifugation. 
Choline and phosphorus were measured in the supernatant fluid and the 
results recorded in Table I. Most of the choline and phosphorus of plasma 
remains in the acetone when 1 volume of plasma is mixed with 4 volumes of 
acetone. Since the ratio of choline to phosphorus of the acetone super- 
natant is approximately unity, it is reasonable to conclude that the choline 
found to be soluble in acetone was phospholipid choline. 


SUMMARY 


Various extracts and fractions of plasma and liver were analyzed for 
choline by the methods of Glick (3) and of Entenman et al. (2). 

1. Identical choline values were found for the phospholipid fraction iso- 
lated from either liver or plasma when the precipitations of choline rein- 
eckate were carried out (1) in the presence of 1.2 N HCl (method of Enten- 
man et al.) and (2) at a pH between 8 and 9 (Glick’s method). 

2. The values obtained when the two methods were used for the estima- 
tion of the choline content of an alcohol-ether extract of plasma were in 
good agreement. Both methods also gave identical values when a methanol 
extract of plasma was analyzed. 

3. When an alcohol-ether extract of liver was examined, the choline 
value as measured by the Glick method was found to be lower than that 
obtained by the method of Entenman et al. 

4. The alcohol-ether extract and the phospholipid fraction of plasma 
contained the same amounts of choline and phosphorus. 

5. Practically all the choline contained in the methanol and alcohol- 
ether extracts of plasma is bound as phospholipids. It is estimated that 
less than 5 per cent of plasma choline is in the free form. 

6. The earlier finding that practically all phospholipids of dog plasma 
are choline-containing is confirmed. 
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THE MECHANISM OF ACTION OF THE ANTIFATTY LIVER 
FACTOR OF THE PANCREAS* 


I. ITS RELATION TO PLASMA CHOLINE 


By I. L. CHAIKOFF, C. ENTENMAN, anp M. LAURENCE MONTGOMERY 


(From the Divisions of Physiology (Berkeley) and Surgery (San Francisco), 
University of California Medical School) 


(Received for publication, May 31, 1945) 


The accumulation of fat in the liver of the completely depancreatized 
dog maintained with insulin results from the loss of the external secretion 
of the pancreas. This was shown by two findings: fatty livers can be 
induced by ligation of the pancreatic ducts (1-3); and the development of 
fatty livers can be prevented by the feeding of pancreatic juice, not only 
in the duct-ligated dog but also in the completely depancreatized dog kept 
alive with insulin (4). 

Although the mechanism by which the exclusion of the external secretion 
of the pancreas produces fatty livers is not known, the following observa- 
tions are pertinent to its understanding. Fatty livers develop in dogs 
deprived of the external secretion of the pancreas, despite the fact that such 
dogs are fed a diet that is not deficient in choline or in methyl, but ean be 
prevented by the addition of extra free choline to the diet or by the ingestion 
of fractions of the pancreas (5, 6). It has been clearly established that it 
is not the choline content of the pancreas fraction fed that accounts for its 
antifatty liver action. The ingestion of as little as 60 mg. per day of 
Fraction 27C, which is free of choline, is sufficient to prevent fatty livers in 
completely depancreatized dogs weighing 10 to 12 kilos (6), whereas the 
minimum effective dose of choline was found to be 35 mg. per kilo per 
day (5). 

In 1934 it was reported that the increased fat content of the livers of 
depancreatized dogs receiving insulin is accompanied by decreased amounts 
of phospholipids in their blood (7). A similar decrease in the phospholipid 
level of the plasma was later observed in dogs in which the external secre- 
tion of the pancreas was excluded from the intestinal tract (8). A recent 
analysis of plasma phospholipids shows them to be of the choline-containing 
type (9); it was estimated that less than 5 per cent of the phospholipids of 
plasma is of the non-choline-containing type. Moreover, according to the 
findings of the preceding paper, practically all choline of plasma is con- 
tained in the phospholipid molecule (10). The indications are therefore 


* Aided by grants from the Christine Breon Fund for Medical Research. 
387 





- 
=. 


as eo - 


eae 


i 


we ee 





388 ANTIFATTY LIVER FACTOR OF PANCREAS. I 


strong that the dog in which the flow of pancreatic juice into the intestinal 
tract has been interrupted is suffering from a deficiency of circulating 
choline. 

The present report deals with the levels of plasma choline of depancrea- 
tized and duct-ligated dogs fed various diets and the response of these levels 
to the addition of fractions of the pancreas. 


TaBLeE I 


Plasma Choline of Completely Depancreatized and Pancreatic Duct-Ligated Dogs 
Maintained on Meat-Sucrose Diet 








| Plasma 





Dog No. Weight Time of observation | choline 

| ks | Mite 

D553 8.2 Before pancreatectomy | 61.3 

. 8 wks. after pancreatectomy | 46.6 

| 6.5 ceil Lae - | 41.3 

D552 6.0 | Before pancreatectomy | 62.0 

|} 69 | 28 wks. after pancreatectomy | 45.0 

| 6.4 §2 “ re " | 40.0 

D537 | 12.5 | Before pancreatectomy | §8.0 

12.4 | 16 wks. after pancreatectomy 37.2 

D528 | 15.0 Before pancreatectomy 49.6 

in! 24 20 wks. after pancreatectomy | 25.1 

D524 | 10.1 | Before pancreatectomy | 61.1 

7.0 | 29 wks. after pancreatectomy 20.6 

| to | _— > + eon 40.3 

E91 =6| «211.0 | Before ligation of pancreatic ducts | 55.7 

:* oa 22 wks. after ligation of pancreatic ducts | 29.3 

E92 | 9.6 Before ligation of pancreatic ducts | 54.5 

| 8.4 20 wks. after ligation of pancreatic ducts | 27.5 

E93 12.7 Before ligation of pancreatic ducts | 66.8 

8.5 12 wks. after ligation of pancreatic ducts (35.6 

E94 11.7 Before ligation of pancreatic ducts 53.0 

7.2 20 wks. after ligation of pancreatic ducts 26.3 

E95 15.5 Before ligation of pancreatic ducts 52.5 
a F 


14 wks. after ligation of pancreatic ducts | 30.4 








1. Plasma choline is decreased in the completely depancreatized dog main- 
tained with insulin and in the dog subjected to ligation of pancreatic ducts. 
The preparation of dogs for pancreatectomy or ligation of their pancreatic 
ducts has been described elsewhere (11). Following either of these surgical 
procedures, each dog listed in Table I was fed twice daily 250 gm. of lean 
meat, 50 gm. of sucrose, 10 gm. of bone ash, and 1 gm. of Cowgill’s salt 
mixture (12). Each dog also received once daily 3 cc. of sardilene and 5 
gm. of yeast (11). Insulin was injected twice daily, immediately after 
the ingestion of the diet. 
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Plasma choline was measured on the day of operation and at various 
intervals after pancreatectomy or duct ligation. The method of Entenman 
et al ~vas used (13). The results are recorded in Table I. A significant 
reduct.on in plasma choline occurred as early as 8 weeks after pancreatec- 
tomy (Dog D553); the level of plasma choline was still below normal as 
late as 1 year after complete excision of the gland (Dogs D552 and D524). 

The earliest observation on the level of plasma choline after duct ligation 
was made at an interval of 12 weeks (Dog E93), at which time the con- 


TaBLeE II 


Effect of Prolonged Feeding of 1 Gm. of Pancreas Fraction AR* on Plasma Choline of 
Depancreatized Dogs Fed Meat-Sucrose Diet 

















Dog No. | Weight Time of observation Plasma choline 
kg. mg. per 100 cc. 

D533 6.6 3 wks. before pancreatectomy 67.0 

6.7 2 * - ws 63.5 

6.7 = = = 65.5 

6.2 15 “ after “5 66.5 

5.9 > = wa ” 63.5 

6.0 sS * ee a 73.0 

D534 6.2 2 “ before or 73.0 

5.8 oe * “ we 66.5 

5.9 6 “ after ” 77.0 

5.8 . > - . 89.0 

6.0 na os - 77.0 

5.9 | ” * 77.0 

6.5 , ie " se 92.0 

D535 7.9 3 ‘* before ie 64.2 

8.0 oft - = 58.0 

| 7.5 1l “ after “ 72.6 

| 7.2 4 * - - 70.3 

| 7.4  « " ” 70.8 











* The method of preparation of Fraction AR has been described (5). 
t+ Day of pancreatectomy. 


centration of plasma choline had fallen from a preoperative value of 57 
to 36 mg. per 100 cc. The longest interval studied was 22 weeks (Dog 
E91), by which time the level of plasma choline was still considerably 
below the preoperative level. 

2. The daily feeding of 1 gm. of pancreas Fraction AR prevents the fall 
of plasma choline levels in completely depancreatized dogs fed a lean meat 
diet. Dogs D533, D534, and D535 were depancreatized and then fed the 
diet described in Section 1. In addition each dog received once daily 1 gm. 
of Fraction AR, a pancreas fraction derived from 5.5 gm. of fresh tissue (5). 
It was shown earlier that the daily ingestion of 1 gm. of Fraction AR was 
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sufficient to prevent the development of fatty livers in completely depan- 


creatized dogs (5). 


Tasie III 
Effect of Addition and Removal of Pancreas Fractions on Plasma Choline of 


Depancreatized Dogs Fed Meat-Sucrose Diet 


Pancreas fraction administered 


Plasma choline 


Dog No Weight 
Type Interval fed Total days fed —- fed 
ke gm. meg. per 100 cc. 
D548 7.4 AR Begun 41,2 
0 Stopped 20 2.0 63.0 
7.4 43.0 
D560 6.5 AR Begun 45.7 
7.4 Stopped 21 2.0 77.5 
6.3 49.2 
D562 8.4 AR Begun 23.8 
9.0 Stopped 21 2.0 53.5 
8.0 34.7 
D502 7.5 AR Begun 33.7 
7.8 Stopped 20 1.8 62.2 
7.2 37.0 
D510 8.6 AR Begun 35.0 
8.8 Stopped 21 1.0 59.0 
8.2 29.3 
D561 7.6 AR Begun 44.5 
8.3 Stopped 24 1.0 61.9 
7.5 35.5 
me 
D511 8.2 27C* Begun 47.5 
8.8 Stopped | 21 60 65.3 
8.5 39.4 
D513 4.4 27C Begun 46.2 
1.6 Stopped 21 60 69.6 
4.5 47.0 
D514 Sf 27C Begun 59.4 
9.2 Stopped 21 60 73.5 
9.3 55.2 
D548 7.5 27C Begun 39.5 
aot Stopped 21 60 63.2 
7.0 36.8 


* The preparation of Fraction 27C has been described (6). 


Plasma choline was determined repeatedly in these three dogs both 
before and after excision of the pancreas. The results recorded in Table II 
leave no doubt that the fall in plasma choline that occurs in depancreatized 
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dogs maintained on the lean meat-sucrose diet can be prevented by the 
addition of 1 gm. of Fraction AR per day. The levels of plasma choline 
found 22 to 25 weeks after pancreatectomy were as high as or higher than 
the preoperative levels. 

3. Pancreas fractions increase circulating choline when ingested by depan- 
creatized dogs maintained with insulin and a lean meat diet. Following pan- 
createctomy the dogs listed in Table III were fed the lean meat-sucrose 
diet described in Section 1. Plasma lipids were determined at various 
intervals after pancreatectomy, and when a drop below normal was defi- 
nitely established, pancreas fractions were added to the diet and their 
feeding continued for the next 20 to 24 days. Plasma choline was deter- 
mined on three separate occasions: (1) on the day that the feeding of the 
fraction was begun, (2) on the last day of their feeding period, and (3) 2 to 
3 weeks after their addition to the diet had been discontinued. 

The feeding of Fraction AR for approximately 3 weeks produced a 
significant rise in the level of plasma choline in all six dogs studied (Ta- 
ble WI). The choline content of the plasma of Dog D502 rose from 34 to 
62 mg. per 100 ec., whereas in Dog D562 the level of plasma choline was 
more than doubled by the feeding of Fraction AR. The higher levels of 
plasma choline produced by the feeding of Fraction AR were not main- 
tained after its feeding was discontinued. The values observed 2 to 3 
weeks after the feedings of Fraction AR were stopped were in close agree- 
ment with those observed at the start of the experiment. 

The ingestion of as little as 60 mg. per day of Fraction 27C led to pro- 
nounced increases in the level of plasma choline. It was found earlier 
that 60 mg. per day of this fraction were also sufficient to maintain a nor- 
mal fat content in the livers of completely depancreatized dogs for as 
long as 6 months (6). 

The results obtained with Fraction 27C leave no doubt thal pancreas contains 
a substance highly active in choline metabolism. 

4. The ingestion of pancreas fractions increases circulating choline in 
depancreatized dogs fed a low choline diet. After pancreatectomy Dogs 
D561, D511A, D511B, D520A, and D520B were fed the meat-sucrose diet. 
When their plasma choline was reduced below normal, they were placed 
on the low choline diets described in Table IV. 2 weeks later 1 gm. of 
Fraction AR was added to their diets and this amount fed daily for the 
next 3 weeks. Plasma choline was determined on the following three 
occasions: (1) on the 14th day after the feeding of the low choline diet was 
begun, 7.e. on the Ist day that Fraction AR was added to the diet; (2) 
21 days later, 7.e. on the last day that Fraction AR was fed; and (3) 3 weeks 
after Fraction AR had been excluded from the diet. The results of this 
experiment are recorded in Table IV. 
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TaBie IV 
Effect of Pancreas Fractions on Plasma Choline of Depancreatized Dogs Fed 
Diet Low in Choline 


Diet Pancreas fraction 
Dog No. Weight Ex- Days Total Amount pra 
tracted Sucrose! Lard diet days fe 
casein fed fed daily 
ke gm. per| em. per) gm. per Type | me. per 
° meal meal meal ~— —} 100 cc, 
D561t 7.4) 35* | 66 14 Begun 1.0 | AR | 42.2 
8.0 35 66 35 Stopped 21 65.5 
7.5 | 35 66 56 47.2 
D511A¢ | 7.5| 35*| 66 14 | Begun 1.0 | AR | 51.5 
| 8.6; 35 | 66 35 Stopped 21 63.3 
8.1 35 66 56 37.2 
D511Bt 7.0 | 35* | 66 10 14 Begun 1.0 | AR | 35.8 
7.5 | 35 66 10 35 Stopped 21 65.2 
7.2). 35 66 10 56 47.2 
D520At | 10.6) 35* | 66 | 14 | Begun 1.0 | AR | 56.5 
(11.0; 35 | 66 | 35 | Stopped | 21 67.5 
10.7 | 35 66 | | 56 48.0 
D520B~ | 10.5 | 35* | 66 10 | 14 Begun 1.0 | AR | 90.1 
11.0| 35 | 66 10 | 35 | Stopped | 21 | 67.5 
10.6 | 35 66 10 | 56 55.0 
ball 
D509A§ | 11.0! 40 | 50 | 10 | 14 | Begun 100 | 27C | 41.0 
10.0 |} 40 50 10 35 | Stopped 21 86.0 
9.6 40 50 10 56 33.3 
D509B$§ 8.7} 40) | 50 10 14 Begun 100 | 27C | 33.3 
| $.4/ 40 | 50 | 10 | 35 | Stopped | 21 | 67.5 
7.0 | 40 50 10 56 37.8 
D512§ 10.8 | 40!) | 50 10 14 | Begun 100 | 27C | 41.3 
10.2} 40 | 50 | 10 | 35 | Stopped | 21 57.2 
10.0, 40 50 10 56 42.7 





* The casein was extracted for several days with increasing concentrations of 
methanol, the final extraction having been made with 90 per cent hot methanol for 
I day. It was free of choline. 

+ These dogs received once daily 5 cc. of Galen B, 2 gm. of Cowgill’s salt mixture, 
and 4 gm. of bone ash. 

t These dogs received once daily 5 cc. of Galen B, 3 cc. of cod liver oil, 2 gm. of 
Cowsgill’s salt mixture, and 4 gm. of bone ash. 

§ These dogs received with each meal 2 gm. of bone ash, 3 cc. of cod liver oil, and 
20 gm. of Cellu flour. Each dog received per kilo per day 100 y of thiamine, 100 y of 
riboflavin, 100 y of pyridoxine, 2 mg. of niacin, 2 mg. of calcium pantothenate, and 
2 mg. of inositol. 

|| Vitamin-free Smaco casein was used. 











sma 
line 


Cor S& ty > ® b &® NM 


to 8B | 
ae 


Sesl Nnwowoaouwwooso 


id 
of 


rd 











CHAIKOFF, ENTENMAN, AND MONTGOMERY 393 


Dogs D509 and D512 were fed the meat-sucrose diet for their first 73 
and 62 days respectively after pancreatectomy. At the end of this period 
the values for plasma choline were below the preoperative. The subse- 
quent treatment of these two dogs is recorded in Table IV. The values 
for plasma choline shown in Table IV were obtained (1) at the end of the 
first 2 weeks in which they were fed the low choline diet; (2) 21 days later, 
during which time they received daily the low choline diet supplemented 
with 100 mg. of pancreas Fraction 27C; (3) 21 days later, during which time 
they were fed the low choline diet without the pancreas fraction. 

The lean meat-sucrose diet employed in the experiments described in 
Sections 1 to 3 was quite rich in choline. The quantity of meat fed each 
dog contained approximately 0.5 gm. of choline, an amount that is more 
than enough to account for the extra choline that appears in the plasma of 
the depancreatized dog in response to the ingestion of the antifatty liver 
factor of the pancreas. As judged by the results of Table IV, however, 
the antifatty liver factor of the pancreas increases the concentration of 
plasma choline even when the diets fed are quite low in choline. 

With the exception of the rice bran concentrate (Galen B) the con- 
stituents in the diet fed to Dogs D561, D511A, D511B, D520A, and D520B 
were practically free of choline. The 5 cc. of Galen B fed each day con- 
tained about 60 mg. of choline. The amount of Fraction AR added to the 
diet daily could have contributed about 10 mg. of choline. Although the 
rise in plasma choline, which in these three dogs amounted to 15 to 30 mg. 
per 100 cc. of plasma, could have been derived from the small amounts of 
dietary choline, the extra choline that appeared in the plasma of Dogs 
D509 and D512 when 100 mg. of Fraction 27C were added to the diet 
could not have originated from dietary choline. These two dogs received 
a diet practically free of choline. The casein, Cellu flour, as well as the 
purified B vitamins, contained no measurable amounts of choline. Vita- 
mins A and D were furnished in the form of cod liver oil; the 3 ec. fed daily 
to each dog contained less than 0.15 mg. of choline. The lard fed daily 
contained less than 0.5 mg. of choline. Thus, although each dog ingested 
less than 1 mg. of choline daily, the extra choline that appeared in plasma 
alone when 100 mg. of pancreas Fraction 27C were administered amounted 
to well over 200 mg. 


DISCUSSION 


Although it has been widely accepted that phospholipids serve to trans- 
port fat, their réle as vehicles for the storage and transport of choline has 
not hitherto been stressed. There can be no doubt from the evidence 
presented in the preceding paper that practically all the choline contained 
in plasma is in firm organic combination as phospholipids. This observa- 
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tion in conjunction with a unique characteristic of plasma phospholipids, 
namely that they are all of the choline-containing type, would appear to 
lend support to the view that plasma phospholipids are intimately con- 
nected with the physiological activity of circulating choline. 

The results of the present investigation demonstrate that the complete 
excision of the pancreas or, more specifically, the deprivation of the ex- 
ternal secretion of the pancreas profoundly affects choline metabolism. In 
the dog deprived of its pancreatic juice, there occurs a reduction in the 
concentration of circulating or plasma choline. This decrease in plasma 
choline occurred even though the dogs were fed diets that were not de- 
ficient in choline or its precursor, methionine. 

It is evident, therefore, that a relation exists between the level of plasma 
choline and the external secretion of the pancreas. This is further borne 
out by the isolation of a pancreas fraction that is active in maintaining the 
level of circulating choline when added to the diet of the dog deprived of 
the external secretion of its pancreas. The administration of as little as 
60 mg. daily of such a fraction was found sufficient to raise the concentra- 
tion of plasma choline to normal. 

While the mechanism by which the pancreas, through its external secre- 
tion, exercises a controlling influence on the level of circulating choline 
remains at present unexplained, it is of interest to note here that the ae- 
tion of pancreas fractions in increasing the concentration of plasma choline 
is not dependent upon the presence of choline as such in the diet. The 
extra choline that appears in the plasma of depancreatized dogs receiving 
pancreas fractions must therefore result from either a shift of choline from 
the tissues to the plasma or the synthesis of choline from its precursors. 


SUMMARY 


1. The concentration of plasma choline is depressed in dogs deprived of 
the external secretion of the pancreas and in completely depancreatized 
dogs maintained with insulin. This fall in plasma choline is associated 
with the development of fatty livers. 

2. A principle highly active in choline metabolism can be isolated from 
the pancreas. The daily administration of as little as 60 mg. of a pancreas 
fraction (No. 27C) is sufficient to prevent the fall in plasma choline in de- 
pancreatized dogs, as well as to raise the level in those in which the level 
of plasma choline had been permitted to fall. This fraction of pancreas 
also prevents fatty livers in depancreatized dogs maintained with insulin. 

3. This action of pancreas fractions in increasing the concentration of 
plasma choline is not dependent upon the presence of choline as such in 
the diet. 
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INTERACTION BETWEEN PROTEINS AND SYNTHETIC 
DETERGENTS 
III. MOLECULAR-KINETIC STUDIES OF SERUM ALBUMIN-SODIUM 
DODECYL SULFATE MIXTURES* 


By HANS NEURATH anp FRANK W. PUTNAM 


(From the Department of Biochemistry, Duke University School of Medicine, Durham, 
North Carolina) 


(Received for publication, May 14, 1945) 


Attempts have been made to explain the action of certain protein- 
denaturing agents, such as organic solvents, urea, guanidine halides, and 
salicylates, in terms of (a) physical solvent effects (cf. (4)) or (b) unspeci- 
fied intermediary combination between denaturant and protein (cf. (5)). 
Recent work has shown that the denaturing effect of guanidine hydro- 
chloride, one of the most powerful denaturants hitherto known, is equaled 
by that of synthetic detergents and that the latter are effective in con- 
siderably lower concentrations (6-8). 

Chemical and electrophoretic measurements have revealed the forma- 
tion of stoichiometric complexes of horse serum albumin and sodium 
dodecyl sulfate (SDS), presumably involving the ionized basic groups of 
the protein molecule (1, 2,9). This view is further supported by viscosity 
and diffusion measurements on serum albumin-SDS mixtures presented 
in this paper. It is proposed that combination of SDS with specific 
side chain groups of the protein is an important step in denaturation. 


EXPERIMENTAL 


Materials and Methods—The materials used in this study were five 
times crystallized horse serum albumin, containing 0.1 per cent carbo- 
hydrate, prepared by the method already described (1), and purified 
sodium dodecyl sulfate.2 Both substances were homogeneous in electro- 
phoresis (2). Stock solutions were prepared by dissolving in buffer weighed 
amounts of lyophilized salt-free albumin or of detergent. The composi- 
tion of the phosphate-NaCl buffer used in most of this work was 0.01 m 


* The first paper in this series described the effect of detergents on the precipita- 
tion of proteins (1), Paper II, the electrophoretic analysis of serum albumin-sodium 
dodecyl sulfate mixtures (2). A preliminary account of this work has been given (3). 

1 We are indebted to the Lederle Laboratories, Inc., Pearl River, New York, for 
a supply of horse serum. 

* A gift of Dr. 8S. Lenher of the Fine Chemicals Division of E. I. du Pont de Ne- 
mours and Company, Inc., Wilmington, Delaware. For the chemical analysis 
see the first paper (1). 
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KH2PO,-0.01 m Na:HPO,-0.15 m NaCl, u approximately 0.2, pH 6.7 
(determined with the glass electrode). Other buffers used in the pre- 
liminary investigation were of the following composition: 0.05 m sodium 
acetate-0.05 m NaCl, » = 0.1, pH 4.2; 0.02 M sodium acetate-0.2 mM NaCl, 
» approximately 0.2, pH 5.0; and 0.02 m total phosphate-0.15 m NaCl, 
# approximately 0.2, pH 7.7. 

Viscosity measurements were carried out at 25° + 0.01° with the modi- 
fied Ostwald viscometers previously described (10). 

Density measurements were made at 25° in 5 cc. capped pycnometers, 

Diffusion measurements were performed with the refractometric scale 
method at 25° + 0.003°. The apparatus and methods used in the caleu- 
lation of diffusion constants have been described in detail in a recent re- 
view (11). 

The protein concentration of stock solutions and of their dilutions was 
determined from the weight of samples after correction for moisture 
content, and confirmed by Kjeldahl nitrogen analysis. 

Preliminary Viscosity Measurements—Preliminary viscosity measure- 
ments were undertaken’ at pH 4.2 and 7.7 on mixtures of horse serum 
albumin with (a) a commercial anionic detergent,’ (b) a commercial 
cationic detergent,’ and (c) purified SDS. At both pH values all three 
detergents produced large increases in the relative viscosity of the protein. 
However, further investigation was restricted to purified SDS. 

Viscosity measurements made 30 minutes after mixing albumin and 
detergent, and repeated at intervals up to 48 hours, gave values that were 
the same within the experimental error. As a routine precaution, all 
mixtures were allowed to stand overnight at room temperature. 

Constant Detergent Concentration—As a corollary to the study of the 
effect of detergent concentration on protein precipitation, measurements 
were made of the relative viscosity of serum albumin at different dilutions 
in solutions of constant detergent concentration. To avert precipitation, 
measurements at pH 4.2 were limited to the region of detergent excess. 

In Fig. 1, the viscosity® of the protein relative to that of the solvent 
(considered to be buffer plus SDS) is plotted against the protein concen- 


tration in weight per cent. It is apparent that low molar concentrations 


3 We are indebted to Dr. John O. Erickson for these preliminary measurements. 

‘Nacconol N. R. 8. F., a sodium alkyl benzenesulfonate mixture, National 
Aniline Division, Allied Chemical and Dye Corporation. 

5 Emulsept, n (higher acyl esters of colaminoformy!methy!) pyridinium chloride, 
The Emulsol Corporation. 

* The relative viscosity, »/no, is the viscosity of the solution divided by that of 
the pure solvent. The term (n/n. — 1) is the specific viscosity 7», and 7,)/c is the 
viscosity increment (12), where c is the volume (or weight) concentration of the 


solute. The intercept of the plot of .,/c against c is the intrinsic viscosity (cf. (13)). 
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of detergent give rise to a viscosity increase comparable to that produced 
by high concentrations of urea or guanidine hydrochloride. Thus, 8 m 
urea increases the intrinsic viscosity® of serum albumin from 4.3 to about 
24 (14), 0.035 m SDS (1 per cent) to 18, and 0.17 m SDS (5 per cent) to 26. 
Moreover, 0.28 m SDS (8 per cent) has about the same effect (29.5) as 
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Fic. 1. Relative viscosity of horse serum albumin in sodium dodecy] sulfate (SDS) 
solutions of constant concentration. The viscosity of the protein relative to that of 
the solvent (SDS in buffer) is plotted against the protein concentration in weight 
per cent. In order of decreasing slope the curves refer, respectively, to serum 
albumin in 8 per cent SDS, pH 4.2; in 5 per cent SDS, pH 4.2; in 1 per cent SDS, pH 
4.2 (0), and pH 6.7 (@); in 0.6 per cent SDS, pH 6.7; in 0.3 per cent SDS, pH 6.7; 
and to native serum albumin in buffers of pH 4.2, 5.0, and 6.7. The dotted line 
serves as a comparison to the relative viscosity of denatured horse serum albumin 
in 8 M urea. 

Fic. 2. Read from top to bottom the curves refer, respectively, to serum albumin 
in 8 per cent sodium dodecyl] sulfate (SDS), pH 4.2; in 5 per cent SDS, pH 4.2; in 1 
per cent SDS, pH 4.2 (CO), and pH 6.7 (@); in 0.6 per cent SDS, pH 6.7; in 0.3 per cent 
SDS, pH 6.7; and to native serum albumin in buffers of pH 4.2, 5.0, and 6.7. The 
dotted line represents denatured horse serum albumin in 8 m urea. 


8 m guanidine hydrochloride (31.5) which gives the highest value thus 
far observed (14). 

The close agreement between the values obtained in solutions containing 
1 per cent SDS at pH 4.2 and 6.7 (Fig. 1) illustrates the fact that the 
viscosity increase is independent of pH. 

Whereas in dilute solutions the viscosity increment® is usually inde- 
pendent of protein concentration, as shown in Fig. 2 for native albumin, 
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in relatively high concentrations of SDS, as in 8 M urea or guanidine 
hydrochloride (14), »,,/¢ inereases with protein concentration. In contrast, 
in relatively Jew detergent concentrations (1 per cent or less), nsp/e de- 
creases with increasing protein concentration (cf. Fig. 2) and tends to 
approach the value observed for the native protein. 
Dependence of Viscosity on Detergent to Protein Weight Ratio 
presented in Fig. 2 suggest that in low detergent concentrations, at least 
over a certain range, the viscosity increment depends on the detergent 
As a test of this hypothesis additional viscosity measure- 


The data 


to protein ratio. 
ments have been made and all of the data have been plotted in Fig. 3, 


the viscosity increment being given as a function of the detergent to pro- 
28» 
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Fig. 3. Viscosity increment, »,,/c, of horse serum albumin in sodium dodecyl 
sulfate (SDS) solutions at pH 6.7, plotted against the detergent to protein weight 
ratio. Reading from top to bottom the curves refer, respectively, to protein in 1 
(C2), 0.6 (A), and 0.3 (@) per cent SDS. All other data at pH 6.7 are represented 
by clear circles. Solid squares indicate the viscosity increment of serum albumin 
at pH 4.2. 
tein weight ratio. Three regions may be recognized for each of which 
a correlation with precipitation and electrophoresis data obtains: (1) 
Initially, the viscosity increment is nearly independent of detergent to 
protein weight ratio, up to a value of approximately 0.2. This ratio cor- 
responds to the composition of the electrophoretic complex AD, at pH 
6.7, and coincides with the minimal ratio required for complete precipita- 
tion of the protein at pH 4.5. (2) The segment of the curve in which the 
viscosity increment increases linearly with detergent to protein ratio cor- 
responds to the formation of AD, and higher, electrophoretically homo- 


geneous complexes. (3) Beyond the point at which the viscosity increment 


no longer depends on detergent to protein weight ratio (approximately 1), 
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free detergent first makes its appearance in electrophoresis, the mixtures 
being completely soluble at pH 4.5. In this region, the viscosity inere- 
ment appears to be dependent on the absolute detergent concentration. 

The dependence of the viscosity increment on detergent to protein 
weight ratio indicates that up to a ratio of approximately 1, detergent 
is bound by the protein, a conclusion in accord with electrophoretic meas- 
urements (2). However, electrophoresis also revealed that, depending 
on the detergent to protein ratio, one or more components may be present. 
Therefore, determinations of the viscosity increment at infinite dilution 
(intrinsic viscosity®) were limited to mixtures corresponding in composi- 
tion to electrophoretically homogeneous complexes. 


RELATIVE viSCOSITY 





06 08 10 12 14 16 18 20 
CONCENTRATION (%) 

Fic. 4. Relative viscosity of serum albumin, A (@), and sodium dodecy] sulfate, 
SDS (A), and of the stoichiometric complexes AD, (0) and AD. (QO) at pH 6.7, 
plotted against the total weight concentration of solute (albumin plus detergent). 
For the composition of the complexes see the text. Extrapolation to infinite dilution 
of SDS yields a deviation from linearity indicated by the dotted portion of the 
curve and discussed in the text. 


Molecular-Kinetic Studies of Compleres AD, and ADz+,—Solutions of 
serum albumin and SDS were made up in phosphate buffer, pH 6.7, the 
mixing ratio of the components corresponding, respectively, to complexes 
AD,, (0.225 gm. of SDS per gm. of albumin) and AD,, (0.45 gm. of SDS 
per gm. of albumin). Viscosity measurements were made on successive 
dilutions of these two stock solutions with buffer, thereby maintaining 
constant relative composition. 

The relative viscosities of solutions of these complexes, as well as of 
native serum albumin and of pure SDS, are plotted in Fig. 4 against the 
gm. per cent concentration of the solute. Since the detergent is assumed 
to be completely bound by the protein, the viscosity was calculated relative 
to that of the buffer only. 
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It is to be noted that the viscosity of pure SDS‘ is almost the same as 
that of pure serum albumin. In the absence of interaction other than 
that restricted wholly to volume additivity, no significant viscosity increase 
would be anticipated when the relative viscosity of the mixtures is plotted 
against the total solute concentration. This, indeed, is the case for AD,, 
and confirms the previous conclusion that up to a detergent to protein 
ratio of about 0.2 no significant viscosity increase occurs. However, this 
is not the case for the second complex, AD:,, which shows a significant 
viscosity increase, attributable to a corresponding change in molecular 
dimensions. 

From the intrinsic viscosity, apparent molecular shapes (hydration 
being disregarded) of the pure components and of the two complexes were 
calculated in the manner already described (10), assuming the molecules 
to approximate prolate ellipsoids of revolution. The data are expressed 
in terms of axial ratios, b/a, and are given in Table I, together with the 























TABLE I 
Molecular-Kinetic Constants of Protein-Detergent Complexes 
r ie ti aa ty — 7 er of “4 | i | 
° Ns j b | b | f | r | / 
Material () - - (=), | G), | Dss | Mol. wt. 
- yh ee “| <a . ttna2t- & 
| sec. 
Serum albumin.......... 4.20 4.8 | 3.3 | 1.24 7.0* | 70,000* 
Sodium dodecyl] sulfate | 4.20 | 4.2 1.20 10.3¢ | 22,000 
/ ae 4.30 1.8 | 1,24 | 6.9 | 76,000 
Sg Ga Mera ..| 7.26 7.4 | 5.6 | 1.40 | 5.5 98 , 000 


For an explanation of the symbols see the text. 


* Data of Neurath et al. (14). 
t Diffusion data of Hakala (16), corrected to 25°. 


corresponding dissymmetry constants, f/f», and shape values corrected 


for 33 per cent hydration, (b/a),. 

The data indicate that, while native serum albumin, pure SDS, and the 
first complex, AD, all have about the same molecular shapes, the second 
complex, AD2,, is about twice as elongated. 

Diffusion constants of native horse serum albumin (11) and of SDS 


(16) have been taken from the literature, the latter value representing the 


average of an extensive series of measurements. Diffusion constants of 


AD, and AD,, were measured on the solutions used for viscosity studies. 


? The apparent break in the viscosity curve for pure SDS (Fig. 4) may correspond 
to the onset of ionic micelle formation. 
(15). 


For a discussion of this phenomenon see 
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Calculations were made by five different methods as indicated in Table IT 
in which the results are recorded in detail. 

The mixtures of serum albumin and SDS represented by complexes AD, 
and AD,, appear to be homogeneous in diffusion, as indicated by the 
agreement of the values computed by the several methods of calculation 
(11). This observation is also in accord with the fact that solutions of 
these complexes are essentially homogeneous in electrophoresis (2). 

The data in Table I reveal that the diffusion constant of AD, and par- 
ticularly that of AD, are lower than those of the individual constituents. 























TaBLe II 
Diffusion Constants of Serum Albumin-Sodium Dodecyl Sulfate Complezes* 
| Time D; Dz | Ds | Ds | Ds 
a ne 
AD, (0.67% horse serum | 78,960 S. | G7 6.9 | 6.9 
albumin-0.15% SDS)t 100 , 920 | 6.6 | 6.6 | 6.8 | 7.0 | 6.7 + 0.2 
123,960 | 6.6 | 6.6 | 6.8 | 7.0 
RR RECESS ee Peer e 6.75 X 1077 em.? sec.~! 
apelin i pee el pehy Beh. | 6.9 xX 10-7 “ ee 
AD», (0.50% horse serum | 81,600 | 5.3 | 5.4 | 5.6 5.9 | 
albumin-0.225% SDS) t | 103,020 5.2 | 5.3 | 5.3 | 5.5 | 5.45 + 0.1 
127,260 | 5.3 | 5.2 5.5 5.7 | 
Average ; | 5.45 X 10-7 em.? sec.—! 
Dp’ .. §.5 x10" * = 





* D denotes the diffusion constant at 25° in sq. cm. per second; D,;, Dz, Ds, Dg 
and D; refer, respectively, to the diffusion constant calculated by the maximum 
height, maximum height-area (unsquared), maximum height-area (squared), stand- 
ard deviation, and successive analysis methods. D’ is the average diffusion con- 
stant corrected for solvent viscosity (11). 

t Buffer composition, 0.01 m KH,PO,-0.01 m Na,:HPO,-0.15 m NaCl, pH 6.7, ionic 
strength approximately 0.2. 








This is in qualitative agreement with the observations of Lundgren et al. 
for egg albumin-sodium alkyl benzenesulfonate mixtures (17), whereas 
Miller and Andersson (18) have observed intermediate values of the 
diffusion constant for the complex formed between insulin and Duponol. 

Molecular weights were calculated from the values of the dissymmetry 
constants and diffusion constants and are given in the last column of 
Table I. It may be noted that the molecular weight of the detergent 
micelle is about 20,000 (somewhat higher than previously reported for 
Duponol (18)) and that the molecular weights of the complexes AD, and 
AD,,, exceed that of either albumin or detergent. The molecular weight 
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of the complex, 1/.., may also be calculated from the combining weight 
ratio, s, and the molecular weight of native albumin, M,, with the equa- 


tion (19), 
My» = (s + 1)M, 


where s represents gm. of S” mbined per gm. of protein (data obtained 
by electrophoresis (2)). 1 wresponding values calculated for AD, 
and AD,, are, respectively 00 and 101,500. 

It is noteworthy that in tu.  rmation of these two complexes at pH 6.7 
neither aggregation (as manifested by precipitation below pH 4.8 (1)) 
nor dissociation (as observed for insulin (18)) occurs. It may be con- 
cluded, therefore, that detergent reacts with the albumin to form molecu- 
larly and electrophoretically homogeneous complexes of definite com- 
position.* 

DISCUSSION 


The behavior of serum albumin-SDS mixtures with respect to precipi- 
tation, viscosity, and electrophoresis may be fully accounted for by postu- 
lating the formation of discrete stoichiometric complexes. Though 
precipitation is restricted to the pH range in which the components carry 
charges of opposite sign, complex formation, as well as denaturation, is 
independent of pH over a wide region. Viscosity measurements on solu- 
tions of the homogeneous complexes, AD, and ADz,, indicate the intrinsic 
viscosity of the first complex to be nearly the same as that of the native 
albumin, whereas that of the second is considerably higher. The formation 
of electrophoretic complexes higher than AD,, coincides with further 
increase in the viscosity of the mixtures. 

In previous work, the increase in intrinsic viscosity of proteins upon 
denaturation by various means has been considered to be due primarily 
to an increase in asymmetry of the protein molecules rather than to in- 
creased solvation’ (14, 20-22). The same point of view has been adopted 

* In preliminary measurements of the sedimentation of horse serum albumin in 
Duponol (a mixture of homologous sodium alkyl! sulfates, approximating SDS in 
mean molecular weight) Miller and Andersson (18) noted that 1 per cent serum 
albumin in 0.5 per cent Duponol (a weight ratio closely corresponding to that found 
for AD,,) ‘“‘yielded on ultracentrifugation a single, fairly symmetrical boundary. .. 
The areas under the curves indicated the presence of the Duponol as well as the 


serum albumin.’’ The fact that a slightly lowered sedimentation constant was 


obtained indicated a possible dissociation of serum albumin analogous to that ob- 


served with insulin. However, with their sedimentation constant and the diffusion 


constant observed by us for AD,, (corrected to 20°), an apparent molecular weight 
of 90,000 may be calculated. 

° If the increase in intrinsic viscosity of the protein were to be ascribed fully te 
combination with the denaturant, the amount combined may be calculated from 


the relation 
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in this paper. While in the present instance unsymmetrical adsorption 
of detergent anions by the protein might conceivably account for the 
increase in intrinsic viscosity of the complexes, the occurrence of other 
changes, recognized as criteria of denaturation, militates against this 
hypothesis. For example, the full complement of sulfhydryl groups of 
egg albumin is liberated both by 8 m guanidine hydrochloride (23) and 
by relatively low concentrations of alkyl sulfates (7). Moreover, the 
viscosity increase of egg albumin in concentrated detergent solutions is 
accompanied by the development of positive flow birefringence indicative 
of rod-shaped particles and by visible fiber formation upon extrusion into 
coagulating solutions (24). The x-ray diffraction patterns of regenerated 
fibers are similar to those obtained with proteins denatured by other 
means (20, 25) 

While the exact structure of the complexes and the exact nature of the 
processes involved in their formation remain to be elucidated, certain 
deductions may be made from the data presented herein and in the pre- 
ceding papers of this series (1, 2). The stoichiometric combination be- 
tween detergent and proteins in the formation of both AD, and ADsz, 
presumably is due to ionic interaction. The greater reactivity of the 
groups which combine in the first complex may be ascribed to a difference 
in dissociation constant, spatial position, or structural function. It is 
stated that slightly more than one-half of the cationic groups of serum 
albumin are strongly basic (62 guanidinium and e-amino (26)) and it has 
been found that nearly the same number (about 55) are combined in the 
first complex (2). With other proteins, e.g. egg albumin (27) and £- 
lactoglobulin,”” the formation of two discrete complexes with SDS has 
also been observed. However, though the composition of the higher 
complex may be related in both instances to the total acid-binding capacity 
of the protein, a specific assignment of strongly or more weakly basic 
protein groups to either complex does not seem warranted on the basis of 
the available analytical data. 


(nsp/C)u Vu 


(Nsp ‘Oa Va 


where the subscripts H and A refer to the intrinsic viscosity in the presence of the 
denaturant and in aqueous buffer, respectively. Vy and V4 denote the respective 
specific hydrodynamic volumes of the solvated and anhydrous protein. In this 
connection it should be noted that on previous occasions (14, 20) the amount of urea 
that would have to be bound per gm. of serum albumin to explain the viscosity in- 
crease observed in 8 M solutions has been given as 2.7 gm., whereas the correct value 
is4.2gm. Accordingly, it is in a 4 per cent protein solution that about one-third of 
the urea molecules would have to be bound and in a 10 per cent solution all of them 
(ef. (20)). 


1 Unpublished experiments. 
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As an alternative, it may be postulated that the groups combined in the 
second complex differ from the remainder in accessibility, either as a result 
of steric arrangement or because they are involved in side chain bond 
formation. Both hypotheses are compatible with the fact that all of the 
basic groups are titratable with acids, the former, because these groups may 
be accessible to hydrogen ions but not to large detergent anions, the latter, 
because the bonds are broken during titration. Regardless of whether 
some of the ionized protein groups occupy positions within the molecule 
(as postulated by a proposed structure for an egg albumin-detergent 
complex" (28)), they may be involved in side chain bond formation. 

Recent discussions of protein structure have emphasized the structure- 
determining rdéle of side chain interaction (29-31) and the hypothesis of 
electrostatic bonds between some of the ionized protein groups is in ac- 
cordance with these views. Breaking of these bonds by detergents or 
hydrogen bond-forming compounds (eg., urea, salicylate, guanidine 
hydrochloride) will lead to side chain separation followed by disorientation 
of the main chains, as evidenced by viscosity increase and other changes 
observed in denaturation. Of course, the breaking of only a few of these 
bonds may be critical, as in the case of pepsin and hemoglobin (ef. (20)). 

The second complex, AD», represents a well defined species characteris- 
tic of a certain degree of denaturation. The formation of the higher 
complexes may be ascribed to the non-polar adsorption of additional 
detergent by this complex, either by non-polar protein groups or by the 
detergent already bound.” The further increase in intrinsic viscosity 
observed in this region coincides with the dissolution of the precipitate at 
pH 4.5 (ef. (1,32)). Further disorientation of the protein occurs in this 
range as manifested by phenomena usually observed with a high degree 
of denaturation (see above (24)). 

The results described in this series of papers have led to a more detailed 
description of the process of denaturation of proteins by synthetic deter- 
gents. This explanation may equally apply to denaturation by urea, 
salicylate, or guanidine hydrochloride. The considerably higher con- 
centrations required for the latter agents to exert their full effects may be 
ascribed to their lower affinity for the protein groups, rather than to a 


mere solvent effect. 
11 The primary assumption made by Palmer (28) in his discussion of the structure 


of the egg albumin-detergent complex, namely that the molecules are “‘held together 
”? is not in accord with the conclusions arrived at 


by non-specific, non-polar forces, 


in this series of papers (1, 2). 
2 It is unlikely that AD., results from non-polar adsorption of a second layer of 


detergent to AD, with hydrophilic groups exposed, because (1) both AD, and AD» 
are insoluble below pH 4.8, and (2) AD. but not AD, exhibits a large viscosity in- 


crease over the native albumin. 
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SUMMARY 


In continuation of previous studies of the interaction between proteins 
and synthetic detergents, the viscosity of mixtures of horse serum albumin 
and sodium dodecyl sulfate has been investigated. 

At constant detergent concentration, the viscosity increment of the 
protein is independent of pH but varies with the detergent to protein ratio. 
Apparent viscosity anomalies observed with low detergent to protein 
ratios have been attributed to the formation of stoichiometric complexes 
whose existence had already been demonstrated by electrophoretic analysis. 

The molecular-kinetic properties of the discrete complexes, AD, and 
AD:,, have been determined by diffusion and viscosity measurements, 
and compared to those of the pure components. While formation of the 
first complex occurs without detectable changes in molecular shape, 
formation of the second complex involves an increase in the molecular 
asymmetry of the protein. More extensive denaturation of the protein 
occurs as higher complexes of variable composition are formed. 

The structure of the complexes and the mode of denaturation have been 
interpreted in terms of stoichiometric binding of detergent anions by 
cationic protein groups with resultant rupture of structure-determining 
protein side chain bonds. It is suggested that other denaturants of lower 
affinity for proteins act in a similar manner. 
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Among the mutant strains of Neurospora crassa isolated by Beadle and 
Tatum (1) was one, strain 3254, which although unable to grow on 
the simple medium of salts, sugar, and biotin grew in the presence of yeast 
extract. Preliminary experiments showed that this strain did not respond 
to the known vitamin and amino acid mixtures, but that adenine was an 
effective growth supplement. The rate of growth on adenine as on yeast 
extract itself, however, failed to reach the value found for the normal wild 
type regardless of the concentration used. In an attempt to find the con- 
stituent which would provide for normal growth and to compare their 
growth-promoting activities, various purines and related compounds have 
been studied. Of the compounds examined a cozymase preparation gave 
the highest maximum rate of growth, a value about 75 per cent that of the 
wild strain. The other active compounds, adenine, hypoxanthine, oxyad- 
enine, adenosine, adenosine-3-phosphate, and yeast nucleic acid, as well as 
extracts of several natural products including liver, malt, and Neurospora, 
gave comparable maximum growth rates equal to 60 to 70 per cent that of 
the wild type. As these maximum rates were in no case equal to that of the 
wild strain, it appears that, while this mutant is deficient in adenine or the 
closely related purines, there are other genetic factors which result in a re- 
duced rate of growth. 

A comparison of the growth-promoting efficiency of the different active 
compounds at concentrations less than those required for maximum growth 
showed that the rate was dependent on the amount of adenine present 
whether free or combined as adenosine or adenosine-3-phosphate (yeast 
adenylic acid). Yeast nucleic acid as the sodium or ammonium salt pro- 
vided rates roughly comparable to that expected from the adenine content 
required by the tetranucleotide theory. The compounds most closely re- 
lated structurally to adenine, hypoxanthine and oxyadenine, proved as 
effective as the former in equivalent concentrations. While no specificity 
was found in these cases, the other purines including guanine, xanthine, 


* Aided by a grant from the Nutrition Foundation, Inc. Taken from a thesis 
submitted by John G. Pierce in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy, Stanford University, 1944. 
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caffeine, and uric acid, and allantoin and uracil were completely inactive, 
The present paper presents the results of these experiments. 


EXPERIMENTAL 

Measurement of Growth—Two methods have been used previously for 
measuring the growth of Neurospora; namely, the rate of progression of the 
mycelium on an agar medium in horizontal tubes (1, 2) and the dry weight 
of mycelium produced in liquid culture (3). While the latter has been 
found more satisfactory for assay purposes (3-5), it has been observed that 
some mutant strains which produce maximum growth in liquid culture 
(an amount comparable to that produced by the original wild strain) fail to 
do so when grown on an agarmedium. The reason for this difference is not 
entirely clear, but it appears that such strains respond to non-specific sub- 
stances present in the liquid medium. Because the present mutant, strain 
3254, responded in this manner when grown in the presence of yeast extract, 
its growth response was measured by the former method at 25°. The com- 
position of the basal medium and the method of preparation and inoculation 
of the growth tubes have been previously described (8, 6). The position of 
the mycelial frontier was marked for the first time 24 hours after inocula- 
tion, which allowed sufficient time for the mycelial frontier to have become 
well established. The tubes were marked at 24 hour intervals for a period 
of 5 or 6 days, and the average rate in mm. per hour was calculated for each 
day. The stock cultures were maintained on agar slants containing the 
basal medium supplemented with 1 mg. of adenine sulfate per 10 ml, 
Transfers were made about every 3 weeks. 

Materials—The purified compounds and extracts of natural products, 
in most instances, were obtained from commercial sources as follows: ade- 
nine, xanthine, uracil, and yeast nucleic acid, Eastman Kodak Company; 
adenosine and yeast adenylic acid, A. D. Mackay Company; yeast extract, 
Difco Laboratories; solubilized liver, Wilson and Company; malt extract, 
Peerless Yeast Company. 

The following compounds were prepared in crystalline form by well 
known procedures: hypoxanthine ((7) p. 121), guanine ((7) p. 110), gua- 
nosine ((7) p. 163), trisodium guanylate (8), and allantoin (9). 

Oxyadenine was kindly provided by Dr. Mary V. Buell and the sample 
of cozymase by Dr. Paul D. Boyer. The latter sample had been prepared 
by Merck and Company, Inc., and was stated to be 60 per cent pure coen- 
zyme I. 

The Neurospora extract was made by grinding a weighed amount of the 
dried wild type mycelia with the aid of a small amount of Hyflo Super-Cel 
and water ina mortar. Insoluble material was removed by centrifugation, 
and the aqueous extract was lyophilized. 
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Results of Growth Experiments—The growth characteristics of strain 3254 
have been somewhat different from those that have been found either with 
the wild strain or with the pyrimidine-deficient mutants (6). With the 
latter, maximum growth rates of about 4.2 mm. per hour are established 
from 2 to 3 days after inoculation. In the case of strain 3254, however, the 
maximum value reached was only 3.0 mm. per hour regardless of the type or 
amount of supplement present in the basal medium. Similarly the time 
required to reach the maximum, when an optimum concentration of supple- 
ment was used, was increased to about 4 to 5 days. With slightly smaller 
amounts of supplement the same maximum rate was achieved but the time 
required was 5 or 6days. Withstill smaller amounts of supplement the rate 
increased progressively over the first 4 days and reached a fairly constant 
rate, less than maximum after the 5th day. In the results presented below 
the maximum rates were arbitrarily chosen as those obtained during the 
6th day. 

Values for the various pure compounds and crude extracts and the ap- 
proximate concentrations at which half maximum and maximum rates were 
obtained are given in Table I. It may be seen that, whereas rates of about 
4.2mm. per hour were obtained for the wild strain, the maximum rate found 
for strain 3254 on adenine was about 2.6 mm. per hour and that similar 
values were found for equivalent concentrations of oxyadenine, hypoxan- 
thine, adenosine, and adenosine-3-phosphate. ‘The cozymase preparation 
provided a slightly higher maximum rate, but the amount required 
indicated that its activity was dependent on the amount of adenine present 
in combined form. The results with yeast ribonucleic acid should be in- 
terpreted in a qualitative rather than quantitative sense. The concentra- 
tions are given in terms of samples prepared as the sodium and ammonium 
salts without regard to their phosphorus or moisture contents. The data 
show that adenine in these compounds is available for the growth of strain 
3254 in the approximate concentrations expected. 

The results with the various crude extracts suggest that either free or 
combined adenine or the closely related purines, oxyadenine or hypoxan- 
thine, are present in varying concentrations in the preparations mentioned. 
The fact that none of the extracts including that from Neurospora itself 
produced a rate of growth comparable to that of the wild strain shows that 
the deficiency is not due entirely to the absence of a simple cell constituent, 
which would be expected to be present in aqueous extracts of ground Neuro- 
spora. It is possible that blockage of the mechanism for the in vivo synthesis 
of adenine or the related purines in strain 3254 leads either to the production 
of intermediates which inhibit growth or that adenine is not as readily 
absorbed or utilized for growth as are the various other compounds which 
produce normal growth in other deficient strains under similar conditions. 
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TABLE I 


Maximum Rates of Growth of Mutant 3254 on Various Supplements and Approximate 
Concentrations at Which Half Maximum and Maximum Rates Were Found 


Concentration in medium 


Supplement Rate of growth* 
For half maxi For maximum 
mum rates rates 
mg. per 10 ml mg. per 10 ml mm. per hr. 
Adenine sulfate, (Cs;H;N5).-H.SO,-2H.0. 0.1 0.5 2.6, 2.4, 2.5 
Oxyadenine hydrochloride, C;H;ON;- 

HCl1-2H.0 0.1 0.5 2.5, 2.7 
Hypoxanthine, CsH,ON, 0.1 1.0 2.6, 2.3 
Adenosine, C,9H,3N;0,-140,0 0.15 0.7 3.5.3.3 
Adenosine-3-phosphate, ©; 9H,,N;0;P- 

2H,.0 0.3 0.9 2.7,2.8 
Yeast ribonucleic acid (neutral sodium 

salt) 2.2 8.9 2.4 
Yeast ribonucleic acid (neutral am 

monium salt) _ 8.9 1.9 
Cozymase (60° pure) 1.6 8.0 3.0 
Yeast extract (Difco) 16 10 2.43.1 
Liver extract (Wilson’s liver fraction L)... 12 60 2.4, 2.6 
Malt extract (Peerless) 200 260 1.4 
Neurospora extract 50 100 2.8, 2.9 


* Each value represents the maximum rate found in a different experiment. 
Wild type controls on the basal medium alone grew at an average rate of 4.2 mm. per 
hour with the exception of the experiments on hypoxanthine and ribonucleic acid. 
In these cases, presumably owing to the presence of inhibiting substances in the agar, 
the wild type rate on the basal medium was 3.6 mm. per hour. 
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The rates of growth on adenine, oxyadenine, adenosine, and adenosine-3- 
phosphate as a function of the logarithm of the concentration expressed as 
adenine or adenine equivalents in micrograms per 10 ml. are plotted in Fig. 
1. The growth curves for this mutant are comparable to those published 
for other deficient Neurospora mutants with the exception of the lower 
maxima. The values plotted are rates obtained during the 6th day in an 
experiment carried out concurrently on the four compounds with the same 
agar and the same inoculum. It may be seen, within experimental error, 
that adenine, oxyadenine, and adenosine give the same growth curve when 
their concentrations are expressed in terms of adenine equivalents. 
Adenosine-3-phosphate gave a similar maximum but proved slightly less 
efficient at concentrations which failed to support maximum growth. 
Other experiments carried out at other times with the same supplements 
gave similar results. The growth curve obtained on hypoxanthine showed 
this compound to be less efficiently utilized for growth than adenine, but the 
results are less satisfactory because the agar available at the time contained 
some inhibiting material. The growth curve found with the cozymase 
preparation was similar to that found for adenylic acid, but the results are 
uncertain because no information was available as to whether or not the 
impurities known to be present contained adenine nucleosides or nu- 
cleotides. 

The various compounds which proved inactive were tested at a concen- 
tration of 1 mg. per 10 ml. of medium. Because of their low solubility in 
some cases the stock samples consisted of suspensions rather than solutions. 
The rates of growth found in the case of guanine, xanthine, caffeine, uric 
acid, allantoin, uracil, and guanosine were of the order of 0.1 mm. per hour, 
comparable to that obtained on the basal medium alone. 

DISCUSSION 

The results show that the deficient Neurospora mutant, strain 3254, is 
able to grow when adenine or the closely related purines, hypoxanthine or 
oxyadenine, are added to the basal medium. The rate of growth under 
these conditions is not comparable to that found for the original wild strain 
but is similar to that provided by a number of crude extracts including one 
from Neurospora itself which presumably contained all the constituents 
required for growth. Adenosine, adenosine-3-phosphate, and cozymase 
provided similar maximum rates of growth but were less efficient per unit 
weight than free adenine, the activity in each case being dependent on the 
amount of combined adenine known to be present. It appears, therefore, 
that this strain is a true adenine-deficient mutant and that the lower maxi- 
mum rate of growth may be due to the growth characteristics of the strain 
itself. 














414 PURINE-DEFICIENT STRAIN OF NEUROSPORA 


The results obtained with oxyadenine are of interest because they show a 
close relationship between this purine and adenine. Although over 15 
years have elapsed since oxyadenine was discovered in pig blood (10) and its 
occurrence as a nucleoside is known (11), little information has veen con- 
tributed regarding its function or possible metabolism. As the function of 
adenine in the present mutant is no doubt concerned with the synthesis of 
nucleic acids and other adenine-containing compounds, it is likely that 
oxyadenine as well as hypoxanthine undergoes reduction to adenine in 
Neurospora metabolism. 

While adenosine and adenosine-3-phosphate are readily diffusible and 
could be utilized directly for growth, the fact that they are only as active 
as the adenine present suggests that they may first be hydrolyzed to free 
purine. It is of interest that this mutant, unlike the pyrimidine-deficient 
mutants, can utilize ribonucleic acid directly. 

The failure of guanine to provide for growth shows that this purine or its 
oxidation products, xanthine and uric acid, are not readily converted to 
adenine in this mutant. It is likely either that adenine is necessary for 
guanine synthesis or that the two compounds are synthesized by different 
mechanisms. 

The lack of specificity shown by strain 3254 and the poor growth charac- 
teristics make it less desirable for assay purposes than the pyrimidine mu- 
tants previously described (6). 


SUMMARY 


Studies of the growth requirements of an experimentally produced Neu- 
rospora mutant, strain 3254, have shown that adenine, oxyadenine, and 
hypoxanthine are effective supplements to the basal medium of simple salts, 
sugar, and biotin. Adenine in combination as nucleoside, nucleotide, ribo- 
nucleic acid, or cozymase is also available for growth, but the relative ac- 
tivity of these compounds is dependent on the amount of adenine present. 
The rate of growth on extracts of several natural products including liver, 
malt, and Neurospora shows that one or more of the active compounds men- 
tioned above is present in such preparations. 


We should like to express our thanks to Dr. D. Klein for supplies 
of several liver fractions, to Dr. Mary V. Buell for the sample of oxyadenine, 
and to Dr. Paul D. Boyer for the sample of cozymase. 
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The pertinent data on the synthetic mechanism employed by animals for 
the formation of fatty acids are both meager and indirect. Any hypothesis 
which deals with the mechanism of fat synthesis must take account of the 
fact that the constituent acids of the natural fats of mammals have an even 
number of carbon atoms and may include ali homologues from C, up to at 
least Coo. 

The classic experiments of Knoop and Dakin with w-pheny!l fatty acids 
suggested that oxidation of fatty acids proceeded by successive removal of 
C, units, but no direct evidence was available as to the nature of the C, 
unit. The isotope technique furnished direct proof that shortening of the 
carbon chain by 2 carbon atoms actually occurs (1) and that the fragment 
split off is acetic acid (2). It is well established that the normal animal can 
synthesize fatty acids from glucose. Various intermediates, notably py- 
ruvie acid (3) and acetaldehyde (4), have been proposed. 

In experiments in which acetic acid labeled by deuterium and heavy car- 
bon was fed to mice and rats, we have obtained evidence (5) that fatty acids 
are synthesized by condensation of acetic acid, or of a compound into which 
acetic acid can readily be converted. 


EXPERIMENTAL 


Preparation of Isotopic Sodium Acetate—Acetic acid containing 19.6 atom 
per cent excess C™ in the carboxyl group was prepared from methyl mag- 
nesium iodide and heavy COs, and converted to its sodium salt. Part of 
the sodium acetate was converted to sodium deuterio acetate by treatment 
with D.O and active platinum at 130°. The methyl group contained 77 
atom per cent excess deuterium. 

Feeding Experiments. Experiment A—Two rats weighing 51 and 52 gm. 
were kept on a low fat, high carbohydrate diet. In addition, they received 
1.6 mo of the isotopic acetate per 100 gm. of rat per day for 3 days. They 
gained an average of 11.5 gm. during the 3 day period. In this experiment 
the acetate was labeled with C® only. 

*This work was carried out with the aid of grants from the Josiah Macy, Jr., 
Foundation and from the Nutrition Foundation, Ine. 
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Experiment B—Five mice having an average weight of 21 gm. were kept 
on the same stock diet as the rats of Experiment A, with a daily addition of 
1.6 mo of isotopic acetate per 100 gm. of weight for 8 days. This acetate 
was labeled with both C“ and D. 15 minutes before the mice were killed a 
sample of CO, was obtained by passing the respiratory gas through a 
saturated solution of Ba(OH):. The BaCO, contained 0.066 atom per cent 
excess C". The deuterium concentration of the body fluids was 0.09 atom 
per cent excess, determined by the usual procedure (6). 

Isolation of Tissue Constituents. Experiment A—The fatty acids from the 
carcasses of the rats were isolated by the usual procedures. There were 
obtained 3 gm. of fatty acids which contained 0.040 atom per cent excess 
C*, Part of the fatty acids was decarboxylated by heating with iron filing 
in a stream of nitrogen according to the procedure of Easterfield and Taylor 
(7). This carbon dioxide, derived from the carboxyl groups of the fatty 
acids, contained 0.090 atom per cent excess C“. Glycogen, isolated from 
the pooled livers by the method of Ostern and Hubl (8), contained 0.020 
atom per cent excess C®. A sample of CO, derived from the urea of the 
pooled urine by treatment with urease contained 0.033 atom per cent C" 
excess. Since urea is formed from carbon dioxide (9), its isotope concentra- 
tion should represent the average C™ concentration of the CO, given off by 
these tissues during the experimental period. 

Experiment B—The glycogen (13 mg.) obtained from the pooled livers 
of the mice contained 0.038 atom per cent excess C". From the pooled 
livers and pooled carcasses 225 mg. and 2.4 gm. respectively of fatty acids 
were isolated. The total fatty acids were analyzed for C" and D. The 
saturated fatty acids of the liver fatty acids were obtained by way of the 
lead salts (10). Of the 48 mg. obtained, 4 mg. were employed for D and 
C* analysis. The remaining 44 mg. were decarboxylated. The CO, was 
converted to BaCO; which in turn was transformed to CO, for isotope 
analysis. 

The fatty acids of the carcass were separated into saturated and 
unsaturated acid fractions. The saturated acids were analyzed for D and 
C8, 22 mg. of BaCQ; were obtained by decarboxylation of 107 mg. of the 
saturated acids. The residue from the decarboxylation was treated with 
hydroxylamine to give the oximes of the ketones formed. The oximes con- 
tained 0.089 atom per cent excess C“. The lead salts of the unsaturated 
fatty acids of the carcasses suffered considerable change during the 6 weeks 
they remained in the ice box before they were worked up, for, on partition 
between aqueous HCI and ether, about 40 per cent did not dissolve. 346 
mg. of unsaturated fatty acids were obtained. They were dissolved in 
petroleum ether and brominated. After standing overnight a small amount 
of insoluble bromides was removed by filtration. The soluble bromides 
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were debrominated with zinc and the regenerated unsaturated acids oxi- 
dized in acetone solution according to the method of Armstrong and Hil- 
ditch (11). The monocarboxylic acid fraction which consists largely of 
pelargonic and heptoic acids was separated from the azelaic fraction by 
steam distillation. The monocarboxylic acid fraction was purified by two 
further steam distillations. On titration the mean molecular weight was 
found to be 148 as compared to molecular weights of 130 and 158 for heptoic 
and pelargonic acids respectively. This suggests that the mixture is com- 
posed of about 1 part of heptoic and 2 parts of pelargonic acid. The azelaic 
acid was isolated from the original oxidation mixture, purified by crystalliza- 
tion from water, and converted to its silver salt. Ag calculated, 53.6 per 
cent; found, 52.1 per cent. 

The isotope concentrations of the various fatty acids and derived com- 
pounds are given in Table I. The C™ analyses were carried out on CO, pre- 


TaBLe I 
Isotope Concentrations in Lipids of Mice Fed Labeled Acetate 
The values are given in atom per cent excess. 


























| Carcass Liver 
Cc D cu D 

SE ne ee ee ete 0.081; 0.13 | 0.103) 0.32 
Saturated fatty acids.....................0000:. | 0.101} 0.24 | 0.160] 0.42 
Carboxy!] carbon of saturated fatty acids. . ...| 0.179 

Azelaic acid from ‘‘oleic’’ acid fraction....... : 7 0.090) 0.14 

“Pelargonic’’ acid from ‘‘oleic’’ acid fraction. | 0.071) 0.15 
Cholesterol... ... j. Jee ie. 2 | 0.047| 0.24 | 0.087) 0.67 





pared by the oxidation of 1 to 2 mg. samples of the fatty acids or by the 
decarboxylation of sufficient samples to yield from 2 to 4 mg. of CO. The 
deuterium analyses were carried out by a new micromethod requiring about 
4mg. of sample. This method will be described in another paper. The 
precision of this new method equals that of the falling drop method which 
we have previously employed. As the isotope concentrations in the lipids 
of the mice were higher than in the case of the rats, a more detailed study 
was made of the lipids of the mice. 


DISCUSSION 


The presence of both C¥ and D in the total fatty acids after the feeding of 
labeled acetate demonstrates that both its carbon atoms are employed in the 
synthesis of some components of the total fatty acid mixture. As only 
small amounts of material were available, no pure compounds were isolated, 
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but the saturated fatty acids of Experiment B consist largely of palmitic and 
stearic acids. Similarly the azelaic acid and the monocarboxylic acid frae- 
tion obtained by the oxidative splitting of the ‘‘oleic”’ acid fraction must be 
derived principally from the oleic and palmitoleic acids of the unsaturated 
acid fraction. Since the deuterium concentrations of every sample 
analyzed are greater than that of the body fluids, there must have been a 
utilization of the methyl! carbon of acetic acid for fatty acid formation. We 
are at a loss to explain the fact that in previous experiments in which 
deuterio acetate was fed the isotope concentrations of the carcass fatty 
acids were less than those of the body fluids. In those experiments the liver 
fatty acids were not investigated. 

The presence of C™ in the fatty acids is proof that the carboxyl carbon 
of acetic acid is utilized for formation of the carbon chain of the fatty acids. 
We can eliminate the possibility that the incorporation of C™ resulted from 
the oxidation of acetate to CO, and utilization of the labeled COs. for the 
formation of a precursor of the fatty acids. The animals in Experiment B 
consumed about 13 gm. of diet and 1.6 mm of labeled sodium acetate per 
100 gm. of weight per day. From the composition of the diet we calculate 
that it contained 6 gm. (500 mm) of carbon with an average C™ concentra- 
tion of 0.064 atom per cent excess. In agreement with this calculated value 
we find that the C" concentration of the respiratory CO» at the end of the 
experimental period was 0.066 atom per cent excess. Since the isotope con- 
centrations, not only in the carboxyl carbon atoms, but in the total fatty 
acids are higher, utilization of CO, cannot explain these findings. The 
isotope concentration of both D and C" is higher in the saturated fatty 
acids than in the total fatty acids, in agreement with results obtained in 
experiments in which heavy water was administered to mice (12). 

The most significant feature of the data is the finding that the C™ con- 
centration of the carboxyl carbon atoms of the saturated fatty acids is ap- 
proximately twice as high as the average of all the carbon atoms in the 
saturated fatty acids. The most plausible distribution which will explain 
these data is one in which the labeled carbon is present at every other carbon 
atom; i.e., at the odd numbered carbon atoms of the fatty acids. This hy- 
pothesis is supported by the finding that the “‘pelargonic”’ acid derived from 
carbon atoms 10 to 18 and the azelaic acid derived from carbon atoms 1 to 9 
of “oleic’’ acids contain nearly the same C"™ and deuterium concentrations.' 


1 On this hypothesis the C™ concentration of the pelargonic acid should be 80 per 
cent of that of the azelaic acid, since, of the 9 labeled carbon atoms of oleic acid, 
5 should be located in the derived azelaic acid (carbon atoms 1, 3, 5,7, and 9 of the 
oleic acid) and 4 in the derived pelargonic acid (carbon atoms 11, 13, 15, and 17 of the 
oleic acid). Taking into account the presence of palmitoleic acid has but a minor 
effect. The experimental value for the C™ concentration of the pelargonic acid is 
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The ketone remaining after decarboxylation of the carcass fatty acids of 
Experiment B contained 0.089 atom per cent excess C™, From the isotope 
concentration of the original fatty acids (0.10) and of the carboxyl group 
(0.179) the isotope concentration of the ketone can be calculated on the 
assumption that the average chain length of the fatty acids was 17. 

Atom % excess C® of ketones = na A. — = 0.099 
Considering the fact that three isotope analyses are involved in this com- 
parison, the 10 per cent discrepancy is not excessive. 

The results clearly demonstrate that the labeled carbon is located in the 
chain as well as at the carboxyl carbon atom. It follows that the whole 
carbon skeleton of a fatty acid molecule can be formed from acetic acid, 
though the data do not demonstrate that the fatty acids are formed by this 
mechanism alone. The simplest explanation is that acetic acid condenses 
and is reduced to give fatty acids with an even number of carbon atoms. 
Our results do not give any information as to whether acetic acid itself or 
some compound into which it can readily be converted in the cell is the con- 
densing unit. The biological condensation of acetate to yield acetoacetate 
has been established zn vivo (13) as well as in vitro (14). Further condensa- 
tion, either before or after reduction of the keto group, could reasonably 
yield the higher fatty acids. 


* ' 4 : 4 : . +4H »s o. 
CH;COOH + CH;COOH — CH;COCH,COOH - — CH;CH,.CH.COOH 


* * * 
CH;CH:CH,COOH + CH;,;COOH — 


* * * _ = * 
CH;CH.CH.COCH:COOH — CH;CH.CH:CH.CH.COOH 
The asterisks indicate the labeled carbon atoms. 


While the carbon atoms of carbohydrates can serve as a source of the carbon 
chains of the fatty acids, there is no direct evidence as to the nature of the 
intermediates involved. It is generally assumed that pyruvate is one such 
intermediate. Findings from this laboratory indicate that in the liver only 
asmall fraction of pyruvic acid is converted to acetic acid (15). No con- 
tradiction need exist with respect to the réles of acetic acid and pyruvic acid 
in fat formation if it is assumed that pyruvic acid may be used directly for 
fatty acid synthesis without passing through the acetic acid stage. If 
pyruvate is used, a decarboxylation after the condensation toan acylpyruvic 
acid would be equivalent to the addition of acetate. The distribution of 


—— — ——___—__— $$$ _ ne _ 


79 per cent of that of the azelaic acid. Similar considerations require that the deu- 
terium concentrations in the “‘pelargonic”’ and azelaic acids be the same. The data 
in Table I show this to be the case. 
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C® in the fatty acids requires that if indeed both pyruvate and acetate are 
employed for formation of the carbon chain of the fatty acids they must be 
used at random for the formation of every 2-carbon portion of the molecule. 
The occurrence of aldehydes of the higher fatty acids (16) and the possibility 
that they arise by reduction of the carboxyl group of the fatty acids or by 
decarboxylation of acylpyruvie acids suggest that aldehydes may be in- 
volved in the synthesis of fatty acids. 

The isotope concentrations found in the cholesterol and the fatty acids 
are quite low, considering the high isotope concentration in the fed acetate. 
At least two factors are involved in this dilution: (a) acetate may not be the 
sole precursor of these products; (b) the dietary acetate is diluted by endog- 
enous acetate. 

Previous work in this laboratory has indicated that when 1.6 mM of acetate 
are fed to rats per 100 gm. of weight per day it is diluted 13-fold (15). While 
no data are available as to the corresponding dilutions in mice there can be 
little doubt that dilutions of similar magnitude occur in these animals. On 
this assumption the isotope concentrations of the acetate available to the 
cell are 77/13 = 5.9 atom per cent excess D and 9.8/13 = 0.75 atom per 
cent excess C“. On the assumption that acetate is the only substance used 
for the synthesis of fatty acids, the maximum isotope concentration which 
would be found in the fatty acids after a very long time on a fat-free diet 
would be half of 5.9, or 3.0 atom per cent excess D, for CD;COOH would be 
largely converted to —CD,-CH;—, since hydrogen used for reduction of 
the —COOH must be normal hydrogen arising from the body fluids. The 
corresponding C™ concentration of the fatty acids would be the same as that 
of the acetate, 0.75 per cent. During the 8 day period of Experiment B 
only half the fatty acids of the depots were replaced by newly synthesized 
fat (12), so that the isotope concentrations of the carcass fat could be only 
half of the maximum value cited above; namely, 1.5 atom per cent excess D 
and 0.375 atom per cent excess C". The saturated fatty acids of the carcass 
contained 0.24 atom per cent excess D and 0.101 atom per cent excess C®. 
From the C™ data we thus estimate that at least one-fourth of all carbon 
atoms of the fatty acids are derived from acetate. 

In confirmation of our previous results the cholesterol of the livers and 
varcasses of Experiment B were found to contain deuterium (17). The 
fact that the cholesterol also contained C® is direct proof that in cholesterol 
synthesis the carbon, as well as the hydrogen, atoms of acetic acid 
are utilized. The isotope concentrations in this compound are higher than 
could be expected if they arose by introduction from the body fluids or the 
respiratory CO,. This finding supports the thesis that conversions in which 
carbon atoms are utilized can be demonstrated by labeling with deuterium, 
provided that the isotope concentration in the conversion product exceeds 
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that of the body fluids. The stability of the C—D bond in such transfor- 
mations depends upon the nature of the intermediate involved. For this 
reason a negative result may not be interpreted as disproving the existence 
of a postulated reaction. 

Calculations similar to those above indicate that with an initial dilution 
factor of 13, and with consideration that in this 8 day period only 15 per 
cent of the body cholesterol is synthesized (12), it should contain 3.0 x 
0.15 = 0.45 atom per cent excess D and 0.75 X 0.15 = 0.113 atom per cent 
excess C™. As in the case of the calculations for the fatty acids, these 
values are predicated on the assumption that only acetate is used for chol- 
esterol synthesis. The actual values found were 0.24 atom per cent excess 
D and 0.047 atom per cent excess C". The deuterium values indicate that 
at least half the cholesterol molecule is derived from acetate. If, as we have 
indicated in our previous papers, acetate is a compound which lies along the 
main route for the metabolism of some of the major components of the diet, 
we should expect more acetate to be produced per unit weight of mouse 
tissue than for that of rat tissue, for a mouse consumes more food per unit 
weight than a rat. These estimations suggest that acetic acid is an impor- 
tant source of the carbon atoms employed for the synthesis of fatty acids 
and a major source of the carbon atoms of cholesterol in the mouse. A 
similar conclusion had been reached with regard to cholesterol formation in 
rats (15). 


The authors are indebted to Miss L. Ponticorvo and Mr. Irving Sucher 
for valuable assistance during the course of this work. 


SUMMARY 


1. Sodium acetate labeled with D and C" was administered to mice and 
rats. The fatty acids and cholesterol were isolated separately from the 
livers and carcasses of the mice. Both lipids contained C™ and D, indi- 
cating the utilization of both carbon atoms of acetic acid in their formation. 
Degradation of the fatty acids suggests that the labeled atoms are distrib- 
uted at alternate positions along the carbon chains. 

2. The finding that the cholesterol contains not only deuterium but also 
C* is proof that both carbon atoms of acetate are utilized in the synthesis of 
cholesterol. 
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ULTRAFILTRABILITY OF THIOURACIL IN HUMAN SERUM; 
DETERMINATION OF THIOURACIL 


By HALVOR N. CHRISTENSEN 
(From The Mary Imogene Bassett Hospital, Cooperstown, New York) 


(Received for publication, July 9, 1945) 


This communication reports a study of the distribution of 2-thiouracil! 
between serum and serum ultrafiltrates at various hydregen ion con- 
centrations. Thiouracil was observed to be entirely ultrafiltrable when 
the serum was brought below pH 3. This fact permitted an analytical 
determination of thiouracil upon ultrafiltrates of acidified serum or plasma. 
Between pH 4 and 5.3 the fraction of thiouracil bound increased to about 
60 per cent; from pH 6.3 to 7.0 the fraction bound appeared to be about 
constant, whereas a rapid decrease of ultrafiltrable thiouracil occurred 
between pH 7.0 and 7.8 (Fig. 1). 

Electrometric titration of thiouracil (Fig. 2) was performed in an attempt 
to relate this behavior with proteins to changes in the state of charge of 
thiouracil. A single dissociating group with a pK’ of 7.74 at 25° and an 
ionic strength of 0.16 was observed. The change in ultrafiltrability of 
thiouracil between pH 4 and 6.3 may perhaps be related to changes in 
the dissociation of groups upon the protein molecules, and the second 
rapid increase in bound thiouracil between pH 7.0 and 7.8 to the dissocia- 
tion of thiouracil itself. However, the results obtained by varying the 
thiouracil concentration suggest that as the pH was increased in this latter 
range there was an increase in the concentration of groups upon the macro 
molecules which bound thiouracil. If the concentration of thiouracil 
was below certain critical levels (e.g., about 3.7 mg. per cent at pH 7.55 
at 25°, corresponding to pH 7.39 at 38°), 94 per cent or more of the thioura- 
cil was bound (Fig. 3). Above these critical concentrations the type of 
group responsible for this binding appeared to be saturated, and a second 
type of group showing only a moderate affinity for thiouracil became 
evident. Hence the concentration of free thiouracil increased rapidly 
with increasing total thiouracil concentrations. Apparently the increase 
in binding of thiouracil between pH 7 and 7.8 represented mainly an in- 
crease in the concentration of the first type of group. 

The observation that thiouracil binding is abolished by acidification 
suggested that the more acid deproteinizing agents might be the most 
useful in producing protein-free filtrates for thiouracil determination, 
contrary to the impression of Williams, Jandorf, and Kay (1). De- 


‘Supplied by the Lederle Laboratories, Inc., under the trade name, Deracil. 
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proteinization of serum or plasma by p-toluenesulfonic acid permitted 
quantitative recovery of added thiouracil (Table I). Recoveries after 
deproteinization by trichloroacetic acid were 65 to 100 per cent; by 
p-toluenesulfonic acid upon whole blood recoveries were 70 to 88 per cent, 
When p-toluenesulfonic acid is used, the results upon the serum of patients 
treated with thiouracil were in agreement with those obtained by ultra- 
filtration (Table II). The concentrations found were below 1 mg. per 


TABLE I 
Recovery of Thiouracil Added to Plasma, Serum, Blood, and Serum Ultrafiltrates 


——_—_— —__— es 











Per cent recovery* 

| . . 

| Thiouracil 
added 


After deproteiniza- 
Ratoni j i y 
aendines By ultrafiltration tion by p-toluene- 
| | | sulfonic acid 


Thiouracil added to 
Direct deter- 


| 
| mg. per cent 


Ultrafiltrate .... Je wath 5.0 | 101 | 
: | | 











“s | 3.0 98 
| 2.0 97 
. oo 96, 97 
Serum...... | 3.0 98, 97, 103 | 
Ont, i | 1.0 92, 100, 95 
® fitilestllasilwe. | 0.5 94,97,97 | 
ae lL; ed 101, 98 
| Ra ESTE IO. | 4.5 103, 98, 98 
eae } 4&0 | 103 
= 3.5 92 
“ ie aleee 4 101, 102 
“ | 3.0f . | | 99, 977 
2.5 101, 97 
“ 1.5 | | 98, 98 
” 1.0 | | 95, 99, 104 
Plasma 3.0 102, 100 
Blood 5.0 88 
ee 3.5 73, 83 





* Each value represents a separate experiment. 
t Samples kept 18 hours at room temperature over mercury at pH 7.50 and 7.7 
before analysis, to simulate the conditions of ultrafiltration. 


2 


cent. At these low concentrations the precision of the ultrafiltration 
procedure was superior to that of the procedure employing protein pre- 
cipitation, since dilution was avoided. 

The color reaction of Grote (2) was applied, under conditions modified 
from those employed by Williams, Jandorf, and Kay (1), to the deter- 
mination of thiouracil in p-toluenesulfonic acid filtrates and ultrafiltrates 
of serum. Grote’s reagent has also been used by Danowski (8) and 
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Fic. 3. Variation of ultrafiltrability of thiouracil with concentration 


Tasie IT 
Comparison of Results by Two Methods Applied to Subjects Treated with Thiouraeil 


Serum thiouracil 


Subject No Dosage Deproteinization by 
p-toluenesulfonic Ultrafiltration 
acid 
me. per cent meg. per cent 
27984* 0.8 gm. per day 0.5 0.47 
27984* — - 0.6 0.53 
7030* ——— <= - 0.37 0.49 
14092* 0.2 ie 0.1 0.07 
m N.C 0.4 ‘** during previous 4 brs. 0.60 0.56 
a 0.05 gm. 2 hrs. previously T 0.23t 0.21f 


* Hyperthyroid patients. 


t 6-Propylthiouracil, supplied through the kindness of Dr. E. B. Astwood. 


Chesley (4) for the determination of thiourea. To avoid the necessity 
of precise pH adjustment and of electrometric pH measurements a barbital 
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buffer was employed. Grote’s reagent was modified by controlling the 
temperature during preparation, and by incubating it with glycine in the 
barbital buffer before use. Under the conditions employed this modified 
reagent has several advantages; most of the color of Grote’s reagent was 
removed; the color with thiouracil developed more quickly and was deeper; 
the sensitivity of the color reaction to the presence of many substances 
was greatly reduced. The color formed by unmodified Grote’s reagent 
with thiouracil in slightly buffered or unbuffered solutions adjusted to 
pH 8 to 9 was increased by the presence of small amounts of numerous 
agents (e.g., glycine, glucose, ascorbic acid) and decreased by others (e.g., 
barbital, ammonia, or borate buffers). The modified reagent was suf- 
ficiently insensitive to such interference to permit determinations upon 
serum ultrafiltrates. A pH of 8.0 was selected for the color development 
as giving a useful compromise between rate of color development and 
depth and stability of the color under the conditions employed. 


EXPERIMENTAL 


Determination of Thiouracil; by Ultrafiltration through Cellophane— 
To 3 ml. of serum or plasma was added 0.15 ml. of 3 N hydrochloric acid 
with shaking and the mixture introduced into an ultrafilter. The ultra- 
filtration technique illustrated by Danowski (3) has been used as well as 
the Lavietes ultrafilter (5). The former permitted a number of simul- 
taneous filtrations; the latter was more convenient for occasional deter- 
minations. After filtering overnight, an aliquot (usually 2 ml.) of the 
ultrafiltrate was placed in a cuvette and sodium hydroxide added (about 
0.03 milliequivalent per ml.) to bring the pH between 6 and 7, as indi- 
cated by a wide range indicator paper. Too high a pH resulted in tur- 
bidity. The color reagent was added as described below. The ultra- 
filtrate was diluted whenever the thiouracil level was above 1 or 2 mg. 
per cent. 

By Deproteinization by p-Toluenesulfonic Acid—To 2 ml. of serum were 
added 6 ml. of water, and with good shaking, 2 ml. of 1 M p-toluenesulfonic 
acid. (This reagent solution was decolorized with norit in the course 
of its preparation.) After 20 minutes the solution was filtered through a 
7cm. Whatman No. 2 paper. By means of a graduated 0.1 ml. pipette 
18 N sodium hydroxide was added to the filtrate until the pH fell between 
5 and 7.5, spicules of a wide range indicator paper held in a forceps being 
used to check the acidity. Between 0.07 and 0.08 ml. of alkali was needed. 
With constant filtration technique the amount was nearly constant and 
the adjustment was usually made with three trials or less. Too high a pH 
produced turbidity. 5 ml. of the filtrate were measured into a cuvette. 
Two suitable reference standards were made with 0.1 to 0.5 ml. of a thioura- 
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cil standard (1 mg. per ml.) and a 0.2 m solution of sodium p-toluene- 
sulfonate to make 5 ml. 5 ml. of water were placed in another cuvette 
for a blank. 

Color Reagent; Grote’s Reagent—0.5 gm. each of sodium nitroprusside 
and hydroxylamine hydrochloride were dissolved in 10 ml. of water in 
a 50 ml. Erlenmeyer flask. 1 gm. of sodium bicarbonate was then added, 
and the flask rotated and placed in water at about 20° for 10 minutes, 
0.1 ml. of bromine was added, and the flask shaken and kept at 37° for 
20 minutes. Finally the solution was made to 25 ml. and stored at 5°, 

Buffer—5.74 gm. of sodium barbital and 2.08 gm. of glycine were dis- 
solved in about 450 ml. of water. 11.7 milliequivalents of hydrochloric 
acid were added to obtain a pH of 8.0 and the solution made to 500 ml. 
and stored at 5°. 

The color reagent was made by mixing the two foregoing in the pro- 
portions of 1 part of the Grote’s reagent and 9 parts of the buffer. The 
solution was aged about 1 hour at room temperature, or 25 minutes at 
37° before use. The color passed from a purple-brown to a light yellow 
during this period. The rate of subsequent color development with 
thiouracil was increased, but the depth decreased by longer contact of 
the solutions. If the Grote’s reagent was prepared in more dilute solu- 
tion according to Chesley’s procedure (4), little or no color was produced 
with thiouracil, indicating that the constituents producing color with 
thiourea and thiouracil are not identical. 

Color Development—To the aqueous solutions in the cuvettes 40 per cent 
of their volumes of the color reagent was added. The transmittances were 
read at 660 my with a Coleman universal spectrophotometer, beginning 3 
minutes after the addition and at 2 or 3 minute intervals until the absorp- 
tions were maximum. Ultrafiltrates developed full color in 5 to 10 min- 
utes and then faded; other solutions developed maximum color in 8 to 20 
minutes and showed slow fading. The rate of color development varied 
somewhat from batch to batch of reagent and with the room temperature. 
About seven cuvettes, including a blank, four unknown samples, and two 
standards, could be handled ina group. ‘The plots of the log transmittance 
against concentration were nearly linear and passed close to the origin. 
Reliance could not be placed upon standardizations unless carried out 
simultaneously, although the variations in optical density were not large. 
Danowski (3) reached a similar conclusion using Grote’s reagent for the 
determination of thiourea. 

Turbidity—Correction for suspected turbidity in the solutions under 
colorimetric measurement was made as follows: After the minimum trans- 
mittance had been observed, a few crystals of chloramine-T were added 
to each tube to eliminate the green color, and the contents shaken well. 
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After 2 or 3 minutes the transmittances were observed again. Non-turbid 
solutions showed transmittances within 0.3 per cent of the blank. 

Table I records recoveries of thiouracil added to serum ultrafiltrates 
and recoveries of thiouracil added to serum, plasma, and blood and deter- 
mined by these two methods. Table II compares thiouracil analyses by 
the two methods applied to subjects treated with thiouracil. 

Electrometric titration of thiouracil was carried out upon a 0.0039 mM 
solution. Various quantities of 0.1 N acid and alkali were added to ali- 
quots of this solution and the pH measured at 25° with a Cambridge 
Instrument Company laboratory model pH meter. Standard acetate 
buffer was taken to have a pH of 4.62. A titration carried out at an ionic 
strength of 0.16 is shown in Fig. 2. A single dissociating group with 
a pH of 7.74 at an ionic strength of 0.16 (7.78 in the absence of added 
sodium chloride) was observed. 


Diffusibility of Thiouracil 


Ultrafiltration was carried out anaerobically through cellophane with 
the Lavietes apparatus (5). Measured volumes of hydrochloric acid, 
water, and thiouracil solution were added to serum to produce a total 
dilution of 5 per cent. The pH was determined and the serum at once 
introduced into the ultrafilter. After 1 hour ultrafiltration was begun by 
raising one of the mercury bulbs. The filtrations were carried out at room 
temperature, which ranged from 20—-25°. After 12 to 18 hours ultrafil- 
trates were analyzed by the procedure described above. In numerous 
cases the thiouracil and protein concentrations of the substrate were 
also measured to’establish that thiouracil destruction was not measurable. 
Total serum proteins and albumin were determined by the method of 
Howe (6). 

On 20 days, included in a 25 day period, serum was obtained from one 
donor for the above experiment. The results upon this serum are 
given in Fig. 1. Analysis at about the midpoint of the series gave a 
protein content of 6.7, and an albumin content of 4.0 per cent. Several 
other serum protein values of 6.7 to 6.9 per cent were obtained during 
this period. The variations in ultrafiltrability of thiouracil with pH 
observed on this serum at thiouracil concentrations of 5.30 to 5.45 mg. 
per 100 gm. of water describe a fairly smooth curve (Fig. 1). Results 
with the sera of a number of other normal persons are also given in Fig. 1, 
each point representing the serum of a different individual. 

Binding of Thiouracil by Serum Albumin—Human serum albumin? was 
dialyzed for 48 hours against running distilled water, then made up to a 


* Fraction V of human serum proteins, kindly supplied by Dr. Lawrence Oncley, 
Department of Physical Chemistry, Harvard Medical School. 
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concentration of 3 per cent, a pH of 7.55 at 25°, an ionic strength of 0.16 
(with sodium chloride), and a known thiouracil concentration. After 
being left 1 hour in the Lavietes ultrafilter, a portion of the solution was 
ultrafiltered and the ultrafiltrate analyzed for thiouracil. Such albumin 
solutions showed a behavior toward thiouracil similar to that of serum 
(Fig. 3); however, 3 per cent albumin solutions showed a higher concen- 
tration of groups binding thiouracil with a high affinity than sera con- 
taining (after 5 per cent dilution) 6.5 per cent protein and 3.8 per cent 
albumin. One of the possible explanations for this disparity is that serum 
might contain substances competing with thiouracil for the binding groups. 
In this connection cholemic sera (Table III) were observed in several 
cases to bind less thiouracil than normal sera. Uremic sera (non-protein 
nitrogen 172 and 163 mg. per cent) resembled normal sera with regard to 
thiouracil binding. 


TABLE III 


Cholemic Serum and Thiouracil 








Thiouracil ultra- 





| filtrable* 
Patt , | - | - pH of |__ sacniiaeaaeaann 
atient —_ + cterus| Albu- |Globu-) experi- | : 
No. Diagnosis index mins lins ment, Approximate 
95°" |. | average for 
| Found normal 
subjects at 
| | | this pH 
Se TT per | per | | pr | _ 
cent cent cent | Her cons 
27760 | Cholecystitis | 129} 1.7| 7.0] 7.33] 50 | 31 
27787 | Acute infectious hepatitis 58 | 4.4 | 3.6 | 7.65 | 43 15 
| thE. vs 28 | 4.2| 3.0/ 7.63) 24 | 16 
28522} “ ee ee 59 | 2.1 | 3.2 | 7.57] 9.3] 18 
19830 | Thyrotoxicosis; subacute hepa- | 123 | 1.8 | 4.6 | 7.56 | 32 | 19 
titis | 
| . io « ~ « — | 4 
19830 ‘i u 110 | 2.3} 3.5 | 7.21 | 47 | 36 











* Total thiouracil, 5.3 to 5.4 mg. per 100 gm. of water. 





DISCUSSION 


The extent to which thiouracil was ultrafiltrable appeared to undergo 
large changes in the range of pH encountered in human serum. ‘Thus ata 
level of about 5 mg. per cent, the free thiouracil was nearly doubled by 4 
fall of 0.2 pH unit and nearly halved by a rise of 0.2 pH unit. A mild 
acidosis or alkalosis might modify considerably the dynamics of thiouraeil 
distribution and excretion. The relative increase produced by a pH 
decrease appeared to be particularly large in the range of 3 to 4 mg. per 
cent, and less at lower concentrations. 

Williams, Kay, and Jandorf (7) and Williams (8) have reported the 
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whole blood levels of thiouracil reached with various dosages of thiouracil, 
and have observed that higher dosages produced only slightly higher blood 
levels than were produced by dosages of 0.2 to 0.4 gm. per day. Levels 
higher than 5 or 6 mg. per cent were infrequent. The foregoing data 
suggest an explanation for this finding: as the plasma thiouracil level 
increases and exceeds a critical level (which is determined by the concen- 
tration of groups binding thiouracil with a high affinity), there occurs a 
sudden increase in free thiouracil. Two effects limiting the concentration 
of circulating thiouracil may be expected: first, the uptake of thiouracil 
by tissue proteins will probably be increased; secondly, glomerular filtra- 
tion of thiouracil will be increased with a possible increase in renal excretion. 

The free plasma thiouracil probably represents the effective concentra- 
tion of thiouracil in so far as the crossing of the capillary membranes and 
the cell walls (to the thyroid and other tissues) of the glomerular mem- 
branes and of the placenta is concerned. Whether the ability of this 
drug to combine with proteins represents a disadvantage or is the origin 
of its activity is not known. 


SUMMARY 


The distribution of thiouracil between serum and serum ultrafiltrates 
at varying concentration and pH has been studied. The diffusible portion 
ranged from about 100 per cent below pH 4 to about 5 per cent above pH 
7.8. With increasing thiouracil concentration the ultrafiltrable fraction 
of thiouracil increased in a fashion suggesting that two types of groups 
with differing affinities were involved in binding thiouracil. Serum 
albumin solutions showed a similar behavior, although a higher concen- 
tration of binding groups was shown. Cholemic serum in several instances 
showed unusually high proportions of diffusible thiouracil. 

An electrometric titration of thiouracil at 25° revealed a single dis- 
sociating group with a pK’ of 7.74. 

Two analytical procedures for the determination of serum thiouracil 
are described, one utilizing ultrafiltration of acidified serum, the other 
deproteinization by p-toluenesulfonic acid. 
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THE INABILITY OF HUMAN OR BEEF GLOBIN TO SUPPORT 
NORMAL HEMATOPOIESIS IN THE RAT WITHOUT ADDED 
ISOLEUCINE* 

By JAMES M. ORTEN, JOSEPH E: BOURQUE, ann ALINE UNDERHILL 
ORTEN 
(From the Department of Physiological Chemistry, Wayne University College of 
Medicine, Detroit) 


(Received for publication, June 28, 1945) 


The fact that dried beef blood, added as the source of protein to an 
otherwise adequate synthetic diet, failed to support normal growth and 
hemoglobin regeneration in the rat has been demonstrated in earlier work 
in this laboratory (1, 2). The substitution of milk proteins for a part 
of the dried beef blood, on the other hand, permits good growth and the 
maintenance of normal hemoglobin formation, thus suggesting that the 
proteins of beef blood are of the “‘incomplete’’ type. Since whole blood 
contains a number of distinct proteins, it seemed necessary to investigate 
next the various isolated blood proteins for adequacy in supporting growth 
and hematopoiesis. The protein, globin, was selected first, since it is 
quantitatively the predominant protein of whole blood. 

Preliminary results (3) indicated that neither purified human nor beef 
globin was adequate for supporting a normal rate of growth or hemoglobin 
formation in the rat. After the globin-containing diet had been fed for 
4 to 6 weeks, a rapid decrease in body weight occurred, an anemia de- 
veloped, and death invariably resulted. 

While this investigation was in progress, a report of the amino acid 
composition of beef hemoglobin appeared (4), showing that this protein 
contains a relatively small amount of isoleucine. Some time later two 
separate investigations (5, 6) demonstrated that hemoglobin or globin, 
fed as the source of protein in an adequate diet, failed to support growth 
in the rat, whereas the addition of isoleucine promptly resulted in a satis- 
factory increase in body weight. Preliminary results in this laboratory 
(3) confirmed this observation. 

The present investigation was designed to determine the effect of iso- 
leucine on hematopoiesis in anemic rats fed a synthetic diet containing 
purified human or beef globin as the protein. 


EXPERIMENTAL 


21 day-old male rats, weighing from 40 to 50 gm., of the Connecticut 
Agricultural Experiment Station strain were used. They were housed in 
* Aided by a grant from the Griffith Laboratories, Chicago, Illinois. 
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individual cages and fed a synthetic diet having the following per cent 
composition: purified human! or beef globin 19.6,? sucrose 10, dextrin 39.4, 
hydrogenated cottonseed oil 27, salt mixture (Wesson (7)) 4. The globin 
preparations were made by the method on Anson and Mirsky (8). Control 
rats were fed the same synthetic diet, except that casein (22.5 per cent) 
was used as the protein. All animals received the following vitamin 
supplements: daily, 200 mg. of ryzamin-B* and 200 mg. of liver extract; 
twice weekly, 3 drops of fortified haliver oil. 

Body weights were recorded weekly and hemoglobin determinations 
were made biweekly on blood taken from a tail vein. A photoelectric 
acid-hematin method, which had been carefully checked with samples 
of known hemoglobin content (O2 capacity method), was used for obtaining 
hemoglobin values. 

After the rats had been fed the globin diet for 4 weeks, supplementation 
with isoleucine’ was started. This interval was arbitrarily chosen, since 
it permitted sufficient time for the development of a distinct anemia but 
was not so long as to result in the complete loss by death of the animals. 
Isoleucine (di-) was fed at a level of 100 mg. daily, an amount approxi- 
mately double that consumed in casein by the control rats. The doubled 
amount of isoleucine was used to allow for the presence of the non-utilized 
d isomer (9). The isoleucine was incorporated directly in the globin- 
containing synthetic diet. The amount of -the diet allowed each rat daily 
was restricted to the average daily amount, found to be 1.4 gm., ingested 
prior to supplementation. The purpose of the food restriction was to 
prevent a probable increase in food consumption following supplementa- 
tion, a circumstance which would have introduced undesired variables 
in the experiment. 

Supplementation with isoleucine was continued for a 6 week period 
and then discontinued. Weekly body weight and hemoglobin deter- 
minations were made during the period of supplementation and then fol- 
lowing isoleucine withdrawal until the experiment was terminated by 
the death of the animals. 


' Kindly supplied by Dr. N. 8. Ferry and Dr. H. B. Devlin, Parke, Davis and 
Company, Detroit. 

* This amount furnished 18 per cent protein, allowing an average of 8.0 per cent 
moisture and ash found in the globin preparations employed. 

* Burroughs, Wellcome and Company, Inc., Tuckahoe, New York. Appreciation 
is expressed to Mr. C. M. Cypher for supplying a portion of the material used. 

‘ Wilson’s liver fraction B. Appreciation is expressed to Dr. David B. Klein for 
a generous supply of this material. 

‘ dl-Isoleucine, Merck and Company. Appreciation is expressed to Dr. D. F. 
Robertson for supplying this substance. 
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nt Results 

4, The average body weights, at biweekly intervals, of the control and 

in globin-fed groups of rats are given in Table I. It is evident that the 

rol control rats grew at the rapid rate characteristic of the strain used, whereas 

at) the animals fed either human or beef globin lost weight. Death occurred 

un in all of these rats, not given isoleucine supplementation, within 6 weeks. 

t The group average hemoglobin values, with minimum and maximum 
values obtained on individual rats, are given in Table IT. The normal 

ons 

ric Taste | 

yles Average Body Weights of Control Rats and of Rats Fed Human or Beef Globin 

in | : 

: Protein fed (18 per cent level) nial a. | on 

ion " ree 0 wk. | 2 wks. 4 wks. 6 wks. 

nce | gm. | gm. gm. gm. 

but Casein......... tear inet 42 124 193 207 

els. Human globin di cat cere ns tk cece 40 43 35 32 28 

“ Beef A Sey Ms haart. 10 44 37 33 | 

OXxi- ae 

pled 

teed TABLE II 

bin Hemoglobin Content of Blood of Control Rats and of Rats Fed Human or Beef Globin 

laily E | 

sted 3 Hemoglobin* 

s to Protein fed | 3 

nta- ‘ee 

ables 5 0 wk. | 2 wks. | 4 wks. 6 wks. 

; | gm. per cent | gm. per cent gm. per cent gm. per cent 
riod Casein...../ 12) 10.8 (9.2-13.3) | 13.6 (9.2-14.3) | 13.7 (11.4-14.9) | 14.8 (13.3-15.8) 
eter- Human | | 
1 fol- globin | 40] 11.3 (9.1-14.6) | 13.4 (5.7-16.8) 9.3 (3.0-13.6) 3.2 
rhe Beef globin. 10) 12.1 eter 13.1 (9.4-16.0) 9.4 (2.4-12.3) 

*Group averages, with minimum and maximum values on individual rats. 
is and increase in hemoglobin with age (10) was found in the control rats, while 
_ a distinct anemia developed in both groups of globin-fed animals. The 
anemia usually became severe before the death of the animal. 
iation Hemoglobin values for the control rats and for the globin-fed rats given 
d. isoleucine are given in Table III. The values for the control rats in- 
pin for creased somewhat as the experiment progressed until a normal mature 
D.F. level was attained (10). Isoleucine supplementation was followed in 
every animal, fed either human or beef globin, by a steady rise in hemo- 
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globin concentration and a normal adult value was attained within 4 
weeks. This level was maintained during the remainder of the 6 week 
period. 

The withdrawal of isoleucine was followed by a gradual, consistent 
decrease in hemoglobin values. Mild to severe anemia developed in the 
animals, severe anemia usually preceding the death of the animal, as 
before. Death of all rats occurred within 3 to 8 weeks after isoleucine 
supplementation was discontinued. 

The body weights (data not included) of the globin-fed rats showed a 
slight gradual increase following isoleucine supplementation. As would 
be expected, the increase was small (the average weight increase was 8 gm. 
in 6 weeks) because of the restriction of food intake. Following isoleucine 
withdrawal there was a gradual decrease in body weight until the death 
of the animal occurred. 

DISCUSSION 

The present observations offer evidence that neither human nor beef 
globin fed as the sole source of protein in an otherwise adequate diet will 
support normal hematopoiesis in the rat, but that supplementation with 
isoleucine is required. This finding adds another example of an “‘in- 
complete protein” failing to promote normal hemoglobin formation. 
The feeding of deaminized casein produces an anemia in the rat unless 
lysine is added (11). A quantitative lack of protein is also known to 
produce a mild chronic anemia in the rat (12, 13). 

The present work also adds isoleucine to the list of amino acids now 
known to be essential for hemoglobin formation, the others being lysine 
(11) and tryptophane (14). 

The finding that isoleucine is needed for hemoglobin formation in the 
at raises an interesting question. Either the globin of rat hemoglobin, 
unlike that of human or beef hemoglobin, contains isoleucine or the present 
data demonstrate the need of an amino acid (isoleucine) for the synthesis 
of a protein deficient in the amino acid in question. Such a circumstance 
would suggest that hemoglobin may be synthesized in the rat by way of 
an as yet unidentified intermediate which contains isoleucine. This 
possibility merits further careful investigation. 

The results of the present investigation may seem at variance with the 
observations of Whipple and his associates (15) that hemoglobin (or glo- 
bin) is well utilized for the formation of new hemoglobin in the hemor- 
rhagic anemia of the dog. However, it must be remembered that a 
different experimental procedure and a different species of animal was 
employed in the study in question than in the present one. Also, it is 
possible that isoleucine may have been derived from the dog’s own tissue 
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protein, since a loss of weight occurred in the dogs in the investigation 
under discussion. 

Another point upon which the results of the present study may have 
a bearing is in the use of globin preparations as a blood substitute (16). 
The present data indicate that globin, while it may have temporary value 
as a blood substitute, probably could not be relied upon over any protracted 
period to furnish the amino acids needed for hemoglobin or other body 
protein formation unless it is supplemented with isoleucine. 


SUMMARY 


Purified human or beef globin fails to support growth and normal hemo- 
globin formation in the rat. 

Supplementation of either type of globin with isoleucine, all other 
known dietary factors remaining unaltered, results in the maintenance 
of a normal concentration of hemoglobin in the blood. 

The subsequent removal of isoleucine is followed by the development 
of a mild to severe anemia and death of the animal. 

These observations indicate that isoleucine is needed for normal hema- 


topoiesis in the rat. 
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THE UTILIZATION OF d-AMINO ACIDS BY MAN* 


V. HISTIDINE 
By ANTHONY A. ALBANESE,ft JANE E. FRANKSTON, ano VIRGINIA IRBY 


(From the Department of Pediatrics, The Johns Hopkins University and the Harriet 
Lane Home of the Johns Hopkins Hospital, Baltimore) 


(Received for publication, May 14, 1945) 


The recent findings (1, 2) that /(—)-histidine is not required for the 
maintenance of nitrogen balance in man prompted us to investigate the 
metabolic fate of d(+-)-histidine in the human. The excretion procedure 
which we have previously employed (3) for determining the degree of 
utilization of d-amino acids seemed uniquely suited in this instance in 
which the nitrogen balance technique would not be effective. Five feeding 
experiments showed that within 9 hours of the administration of 0.01 
mole of dl-histidine-HCl-H.O (equivalent to 775 mg. of d(+)-histidine) 
692 + 35 mg. more histidine were excreted in the urine than after the 
feeding of 0.01 mole of J(—)-histidine-HCl-H,O. This difference in 
histidine output which is equivalent to 89.2 + 4.5 per cent of the d form 
ingested and the finding that on isolation this excess histidine proved to 
be of the d configuration suggest that d(+-)-histidine is poorly or not at all 
utilized by man. . 

The analytic procedure for the colorimetric estimation of histidine in 
the urine which was developed for this work is described in detail. 


EXPERIMENTAL 


Preparation of dl-Histidine Monohydrochloride Monohydrate—The rac- 
emate was prepared by a modification of the procedure of Bergmann and 
Zervas (4) from /(—)-histidine-HCl-H,O, Merck, containing 20.02 per 
cent N by micro-Kjeldahl analysis (5) and having a specific rotation! of 
la}? (1.52 gm. in 100 ce. of 1 n HCl) = +8.10°. A mixture of 21.0 gm. 
(approximately 0.1 mole) of /(—)-histidine-HCl-H,0, Merck, 50 cc. of 
glacial acetic acid, and 13.5 cc. of acetic anhydride was heated on the 
steam bath for 2 hours. The excess of acetic acid was then removed by 


*The work described in this report was supported by grants from the Rockefeller 
Foundation and the Nutrition Foundation, Inc. Partial support was also derived 
under a contract, recommended by the Committee on Medical Research, between 
the Office of Scientific Research and Development and New York University. 

t Present address, Children’s Medical Service, Bellevue Hospital, New York. 

‘In aqueous solution /-histidine is levorotatory and d-histidine is dextrorotatory. 
When these compounds are dissolved in HCl, the respective rotations are reversed. 
To avoid confusion naturally occurring histidine will be referred to as the 1(—) isomer 
and the unnatural as the d(+) isomer. 
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concentration of the reaction mixture in vacuo to a thick syrup three times 
successively, after the addition of water. The final product was dissolved 
in 100 ec. of 6 N HCl and hydrolyzed by boiling under a reflux in an all- 
glass apparatus for 20 hours. The excess of hydrochloric acid of this 
solution was removed by three evaporations in vacuo following 50 ce. 
additions of water. The final syrup was dissolved in 50 ec. of 95 per cent 
ethanol and the monohydrochloride was precipitated from solution by the 
gradual addition of a 1:1 mixture of pyridine and ethanol. After 72 
hours of refrigeration the crude crystalline product was collected on a 
small Biichner funnel and was purified by two recrystallizations from 
water and alcohol (1:2 volumes). The refined substance weighed 12.0 
gm., contained 20.03 per cent N, and was optically inactive in aqueous or 
1 x HC! solution. 

Colorimetric Estimation of Histidine in Urine—A careful experimental 
survey of the available methods for the determination of urinary histidine 
led us to the development of a procedure based on the intensity of the 
red color produced in the urine sample by the Pauly diazo test (6) following 
the destruction of the interfering phenols by the [Kapeller-Adler _per- 
manganate reaction (7). Recovery tests with urine specimens and protein 
hydrolysates have shown that the technique is suitable for accurate ana- 
lytical work. 

Reagents? 

Sulfanilic acid reagent. 2.5 gm. of sulfanilic acid were dissolved in 
25 cc. of concentrated hydrochloric acid and 200 cc. of water by heating 
and stirring. The solution was then cooled and the volume adjusted to 
500 ec. 

Sodium carbonate, 20 per cent solution. 

Sodium nitrite, 2 per cent solution. 

Potassium permanganate reagent. 1.58 gm. of the salt were dissolved in 
100 ee. of 0.1 N sulfuric acid. 

Sulfuric acid, 0.2 N solution. 

Histidine standard stock. 13.5 mg. of Il(—)-histidine-HCl-H.O (20.02 
per cent N found) were dissolved in 200 ec. of water. 1 ce. of this solution 
is equivalent to 0.05 mg. of histidine. 

Procedure 

To 1 ce. of urine sample usually prepared by a 1:5 dilution of normal 
human urine in a 10 ec. graduated Klett-Summerson photoelectric color- 
imeter tube is added 1 ce. of 0.2 N sulfuric acid. Acid permanganate 
reagent is added dropwise to this sample with shaking until the deep rose 


persists. This is followed by the addition in succession of | ec. of sodium 


? Merck reagents were used throughout 
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nitrite solution and | cc. of sulfanilic acid reagent. After 5 minutes, 1 
ec. of sodium carbonate is added to the reaction mixture which 2 minutes 
later is made to the 10 cc. mark with water. The resulting color is read 
within 15 minutes in the Klett-Summerson photoelectric colorimeter with 
Filter S-54 and compared with that of 1 cc. of histidine standard similarly 
treated. The amount of histidine in the sample can also be estimated 
from a previously prepared calibration curve. 


Results 


The suitability of the procedure was determined by submitting varying 
amounts of histidine standard to the diazo reaction before and after treat- 
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MILLIGRAMS OF HISTIDINE, TYROSINE,OR PHENOL 


Fig. 1. Relation of color intensity to amount of histidine, tyrosine, or phenol. 
Each point represents the average value of ten determinations. The lines were 
drawn from computation of the data by the method of least squares. 


ment with acid permanganate reagent. The results of these experiments 
together with those on phenol and tyrosine solutions after the perman- 
ganate reaction are shown in Fig. 1. It is evident from the coincidence 
of the histidine tests that histidine itself is not oxidized by this reagent, 
whereas the interference from phenol and tyrosine is nullified by this 
reaction. Also the linear relationship of the color intensity to the amount 
of histidine is interpreted as evidence of the validity of Beer’s law for the 
color reaction. 

The applicability of the test to the estimations of histidine in human 
urine and protein digests is demonstrated by the recovery test data shown 
in Table 1. Quite apart from the immediate object of this paper, it is of 
interest to note that, although the histidine N of total N values found by 
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this technique are somewhat higher than the 5.36 per cent for casein and 
1.14 for gelatin previously found by one of us employing the electrolytic 
method (8), they fall in the range reported by others (9). Analyses of 24 
hour urine specimens of 50 normal adult males (60 to 110 kilos) on normal 
diets by this procedure have shown the daily histidine output to vary 
from 180 to 760 mg. This represents an excretion of 0.09 to 0.58 mg. of 
histidine per cc. of urine, which falls within the range 0.09 to 1.02 mg. of 
histidine per cc. of urine found by Langley (10) and the range 0.06 to 0.76 
mg. of histidine per cc. of urine reported by Racker (11). Itis also to be 
noted that the individual human histidine output shows marked diurnal 
variation and that histidine is excreted by the human in much larger 
amounts than are the other amino acids (12). 
TABLE I 
Recovery of Histidine Ac ided to Urine and Protein Hydrolysates 





Histidine Histidine Recovery —— 





— added | found |pi.titice | total N 
mg. meg oe cent | per cent 
Urine A, 0.2 cce.... , re 0.0154 
gt, | ae 0.05 0.0655; 100.1 
° Bes ' 0 0.0468 
> wh 0.025 | 0.0720, 100.3 
Amigen, 0.102 mg. N per ce..... 0 0.0198 5.3 
Urine C, 0.2 cc..... 0 0.0165 
«6 6 60.2 * + amigen, 0.102 mg. N.. 0.0198) 0.0362, 99.5 | 
Casein, Harris, HC] digest, 45.4 mg. N per cc.*. 0 0.0391 | 5.8 
ss as = ” — 0.05 | 0.0891) 100.0 | 
Gelatin, U. 8. he aoe i digest, 73.4 mg. N per ec.*..| 0 0.0168 1.6 
* «Be a 0.05 | 0.0665, 99.4 


*1 cc. of 1:250 dilution used for this analysis. 
Human Experiments 


Three subjects were given by mouth 0.01 mole (2.1 gm.) of 1(—)- or 
dl-histidine -HC1-H.O dissolved in 240 ec. of water following the elimination 
of the zero hour specimen which was collected 2 hours after a light break- 
fast. 120 cc. of water were also given at the end of each of the succeeding 9 
hours of the experimental period. The urines were then collected hourly 
after zero time and all collections analyzed for histidine. The control 
experiments were similarly performed except that no histidine was fed. 
Moreover, since the ingestion of food did not seem to affect appreciably the 
output of histidine, the fast was maintained for the first 3 hours of the ex- 
periments only. 

The effect of the administration of the histidine isomers on the histidine 
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level in the urine is shown in Fig. 2. A tabulation of the data from four 
other experiments is shown in Table II. It will be noted from these data 
that the ingestion of 2.1 gm. of /(—)-histidine produces only a slight in- 
crease over the normal histidine output, whereas the feeding of the racemate 
results in a 10-fold or greater increment of the normal histidine output. 
In order to ascertain the approximate amount of urinary histidine arising 
from the ingestion of the d(+) variety, it seemed reasonable to subtract 
the total histidine output for the 9 hour period following the administration 
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Fic. 2. Urinary output of histidine of Subject A, after administration of 0.01 mole 
(2.1 gm.) of 1(+)- and dl-histidine-HCl-H,0. The solid line indicates excretion 
after ingestion of the di form, the broken line after ingestion of the / isomer, and the 
dotted line normal output. Meals 1 and 2 had approximately the same composition 
in all experiments. 


of the naturally occurring variety from the histidine output of the 9 hour 
interval following the ingestion of the racemate. The values so obtained 
are listed under the heading (b)—(a) in Table II. Calculations made from 
these data reveal that 81.5 to 97.2 per cent of the 775 mg. of d(+)-histidine 
which are contained in the 2.1 gm. of the ingested dl-histidine-HCl-H,O 
is excreted within 9 hours after administration. This indicates that 
d(+)-histidine is poorly or not utilized at all by man. 

Isolation of d(+)-Histidine from Human Urine after Administration of 
dl-Histidine—To 1280 cc. of pooled urine which was collected in the 6 hour 
period after administration of 0.01 mole of dl-histidine-HCl-H,O to two 
subjects and found to contain 913 mg. of histidine by colorimetric analysis 
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were added with vigorous stirring 64 gm. of finely powdered mercurie 
chloride (5 gm. per 100 ce.). On adjusting the solution reaction to pH 
5 to 6 with 20 per cent sodium carbonate a heavy white precipitate formed 
which was filtered off by suction after | hour. This precipitate was 
dissolved in 150 ec. of | N HCl and the mercury salt was decomposed by 
saturation of the solution with HS. After clarification with norit A, 
analyses showed that the filtrate from this procedure contained 865 mg. 
of histidine or 95 per cent of that originally present. The excess of hydro- 
chloric acid of this solution was removed by three evaporations in vacuo 
following additions of water. The final syrup was then dissolved in 25 ee, 
of 95 per cent ethanol and the histidine monohydrochloride was precipitated 
from solution by the slow addition of a 1:1 mixture of pyridine and ethanol, 
After 24 hours of refrigeration the crude crystalline product was collected 


TABLE II 
Total Urinary Histidine for 9 Hour Period following Administration of 0.1 Mole of 
l(—)- or dl-Histidine : 
2.1 gm. of the hydrated histidine chloride (equivalent to 1.55 gm. of histidine) 
were fed in each experiment. 


Histidine output after 


Normal administration of Recovery 
Subject, sex, and body weight histidine — b 1 td form 
output re) orm 
, il fed 
(= at 
(a b 
me. mg ms me per cent 
A, male, 70 kilos 87 93 846 753 97.2 
i _ = 75 103 » S04 701 91.0 
F, female, 60 kilos 51 96 727 631 81.5 
4 v4 hae 63 119 SOl 682 SS.0 


on a micro Biichner filter and was purified by two successive recrystalliza- 
tions effected by dissolving the product in 10 ec. of hot water and precipita- 
tion from the hot solution by the gradual addition of 20 ec. of 95 per cent 
ethanol. The refined product weighed 604 mg. which on characterization 
by the histidine content (446 mg.) as determined by our colorimetric pro- 
cedure, the nitrogen content, and the optical activity in 1 N HCl solution 
gave evidence of its identity with d(+-)-histidine-HCI-H,0. . 
CH yN;O2- HCI- ILO. Caleulated, CgHyN;QO. 73.9; found, 73.7 
‘s N 20.04; found, 20.00 


Cox and Berg (13), [alp = —8.25°; found, —8.35° 
These results clearly point to the conclusion that the excess of urinary 
histidine resulting from the admimistration of the racemate is of the d 
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Comment 


Although d and / forms of histidine have been reported to be equally 
effective in promoting growth in mice (14) and rats (13), data obtained 
from excretion experiments suggest that the d variety is poorly utilized 
by guinea pigs (15), rabbits (16), and dogs (17). The present studies 
indicate that the d component of orally administered dl-histidine is poorly 
metabolized or not metabolized at all by man. This finding seems to us 
remarkable in view of the observations that /(—)-histidine is not a dietary 
essential for the maintenance of the N balance in adult man. In this 
connection, we also wish to note that none of the urines collected after 
administration of /(—)- or dl-histidine gave the atypical green color with 
the indican test which we reported to occur with the urines of adult human 
males on a histidine-deficient diet (2). 


SUMMARY 


It has been found that within 9 hours after administration of dl-histidine 
to adult humans a total excess of urinary histidine is excreted which is 
approximately equal to the amount of d component so ingested. This 
observation and the optical activity of an isolated fraction of this excess 
histidine suggest that d(+-)-histidine is poorly utilized by man. 
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THE DETERMINATION OF OXYBIOTIN IN THE 
PRESENCE OF BIOTIN* 


By KLAUS HOFMANN ano THEODORE WINNICK 
(From the Department of Chemistry, University of Pittsburgh, Pittsburgh) 
(Received for publication, July 16, 1945) 


The biological activity of oxybiotin (1, 2) and of an apparently similar 
substance (3) has been recently described. Prior to these reports the only 
compound possessing yeast growth activity comparable to that of biotin 
was desthiobiotin (4), which exerts its biological activity by virtue of the 
fact that it is converted into biotin by the yeast cell (5, 6). 

It was of importance to determine whether oxybiotin is likewise trans- 
formed into biotin by microorganisms or whether it has intrinsic activity. 
In order to investigate this point, an assay procedure was needed for the 
determination of oxybiotin in the presence of biotin. 

Since all of the organisms tested so far are stimulated by oxybiotin, it 
appeared unlikely that an organism could be found readily which would not 
respond to the oxygen analogue and thus provide the basis for a microbio- 
logical differential assay. A chemical method was therefore developed 
which is based on the different behavior of ethers and thio ethers toward 
oxidizing agents. 

It has been shown previously that potassium permanganate oxidizes 
biotin to the corresponding sulfone (7). This latter substance has a low 
degree of biotin activity in the presence of aspartic acid, and is inactive when 
this amino acid is not included in the medium (8). Oxybiotin could be 
expected to be stable toward dilute permanganate. It has now been ob- 
served that dilute potassium permanganate inactivates biotin completely 
in pure solution, as well as in extracts or hydrolysates of biological materials, 
while oxybiotin is virtually unaffected by such treatment. Microbiological 
assay of permanganate-treated materials makes it possible to determine 
their oxybiotin content. By the use of an assay procedure, based on the 
foregoing considerations, it has been demonstrated that Saccharomyces 
cerevisiae and Rhizobium trifolii utilize the oxybiotin molecule as such, and 
do not transform it into biotin. 

EXPERIMENTAL 

Action of Potassium Permanganaie upon Pure Solutions of Biotin and 

Oxybiotin—In developing the present assay method, a study was made of 


* Contribution No. 570 from the Department of Chemistry, University of Pitts- 
burgh. The generous support of the Buhl Foundation and of Hoffmann-La Roche, 
Inc., in this study is acknowledged. 
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the stability of biotin and oxybiotin toward dilute potassium permanganate 
solutions. 10 ml. of a solution containing 1.0 millimicrogram of d-biotin, 
or 4.0 miilimicrograms of dl-oxybiotin, were treated for 5 to 10 minutes at 
room temperature with 10 ml. of a 0.01 N solution of potassium permanga- 
nate. The excess of the permanganate was decolorized by the careful 
addition of 0.1 mM sodium sulfite, and the solution diluted to 100 ml. with 
distilled water and assayed by the Hertz (9) modification of the yeast 
growth method of Snell, Eakin, and Williams (10). 

As'may be seen in Fig. 1, the biotin activity is completely destroyed by 
permanganate, while oxybiotin suffers only a slight inactivation by this 
treatment. 

Recovery of Biotin and Oxybiotin Added to Commercial Yeast A utolysate 
In order to extend the above result to biological materials, experiments 
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MILUGAMIMAS OF GROWTH FACTOR. 
Fie. 1. Yeast growth curves obtained with untreated and with permanganate 
treated biotin and oxybiotin solutions. 


were conducted in which known amounts of d-biotin and dl-oxybiotin were 
added to a commercial yeast preparation (Difco autolyzed yeast), and the 
amounts of added growth promoter determined. 

A known amount of dl-oxybiotin was added to a suspension of 0.5 gm. 
of Difco autolyzed yeast in 10 ml. of distilled water. 5 ml. of 9 N sulfurie 
acid were then added, and the mixture was autoclaved for 90 minutes at 15 
pounds pressure. The resulting hydrolysate was washed into a graduated 
50 ml. centrifuge tube, and made up to 50 ml. with distilled water. The 
cell débris was sedimented by a short centrifugation, and a 5 ml. aliquot of 
the clear supernatant was withdrawn and diluted to either 50 or 100 ml. 
with distilled water, depending upon the concentration of growth factor. 
10 ml. of this solution were treated with 0.01 N permanganate, followed by 


0.1 mM sodium sulfite as described in the preceding section. The pH was 





its 
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adjusted to approximately pH 4.0 by the addition of 0.5 N potassium hy- 
droxide. The solution was made up to 100 ml. with distilled water, and 
assayed microbiologically (9). Throughout this paper, the amounts of 
oxybiotin are expressed in terms of the di form, based upon a standard 
dl-oxybiotin growth curve. 

Table I shows that the biotin added to a yeast sample is quantitatively 
recovered. Treatment of such samples with potassium permanganate re- 
sults in a complete inactivation. Oxybiotin, on the other hand, is not 
significantly inactivated, and the growth-promoting activity of permanga- 
nate-treated samples of biological materials appears to be representative of 
their oxybiotin content. 

Nature of Growth Factor in Organisms Grown in Media Containing Biotin 
and Oxybiotin-— It was of interest to grow microorganisms in culture media 


TABLE I 
Recovery of Biotin and Oxybiotin Added to Difco Autolyzed Yeast 


The results are given in millimicrograms. 


Biotin content of or Growth factor — 3 
yo Growth factor added ig a a Ls a —_ 
per cent 
385 430 d-Biotin S40 0 103 
385 1800 dl-Oxybiotin . 1810 100 
485 430 d-Biotin 970 0 106 
485 1500 dl-Oxybiotin ? 1400 93 


* Because of the difference in the shapes of the yeast growth curves, an exact 
determination of biotin in the presence of oxybiotin is not possible. 


containing either biotin, oxybiotin, or desthiobiotin, and subsequently to 
determine the character of the growth factor present within the cells. 

Saccharomyces cerevisiae was grown in 500 ml. portions of nutrient me- 
dium (9) containing the amounts of growth promoter specified in Table II. 
Following an incubation period of 2 days at 37°, each crop of yeast cells was 
collected by centrifugation and washed several times by resuspension in 
distilled water and recentrifugation. The washed yeast cells were sus- 
pended in 20 ml. of water, and a 10 ml. aliquot was used for hydrolysis (with 
5ml. of 9 N sulfuric acid). Aliquots of the remaining yeast suspension were 
dried to constant weight in vacuo to determine their dry weight. A yield of 
approximately | gm. of dry yeast was obtained from 500 ml. of medium. In 
similar experiments, Rhizobium trifolii was grown in 500 ml. of medium (11) 
at 28° for 12 days. The yields were approximately 0.2 gm. of dry cells. 
The latter were hydrolyzed with proportionally smaller amounts of 3 N 
sulfurie acid, and assayed by the above method. 
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Table II summarizes the results which were obtained with the hydroly- 
sates. 

It is seen that with varying levels of d-biotin in the nutrient medium 
(Experiments 1 to 3) the growth factor stored in the yeast cells is completely 
destroyed by the permanganate treatment. ‘The turbidity readings in the 
bioassays were not significantly different from the blank readings. Similar 
results were obtained with yeast grown in a medium containing desthio- 
biotin (Experiment 4). 

With yeast grown in the presence of di-oxybiotin (Experiments 5 to 7) 
the growth-stimulating activity is almost the same for the untreated and for 
the potassium permanganate-treated hydrolysates. 


TABLE II 


Biotin and Oxybiotin Content of Yeast and Rhizobium Cells Grown in 
Different Media 


Growth factor per gm. 


dry cells 
a... 4 Organism grown — we Sane | Following 
| nate treat- | permanga- 
ment nate treat- 
omitted | ment 
¥ + » 
1 | Saccharomyces cerevisiae 0.5 | d-Biotin 0.24 0 
2 ” " 2.0 “ 0.90 0 
3 " 2.5 1.15 0 
4 as 5.0 dl-Desthiobiotin 1.5 0 
5 " 5.0 | dl-Oxybiotin 2.5 2.4 
6 , 30 a 4.25 3.8 
7 a - 0.5 - 0.42 0.42 
8 Rhizobium trifolii 1.0 | d-Biotin 0.35 0.01 
9 * " 5.0 | dl-Oxybiotin 0.90 0.80 


The results for Rhizobium trifolii cells grown with biotin and oxybiotin 
(Experiments 8 and 9) are similar to those obtained with yeast. 


DISCUSSION 


The finding that permanganate destroys the biotin activity of cells grown 
in media containing biotin indicates that these cells contain no oxybiotin. 
In the case of yeast grown with desthiobiotin, there is ample evidence 
(5, 6) that the cells convert this substance into biotin. Our observations 
that the growth factor in these cells (grown with desthiobiotin) is destroyed 
by permanganate agree with previous conclusions. 

The fact that the activities of the untreated and permanganate-treated 
hydrolysates are essentially equal when Saccharomyces cerevisiae and 
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Rhizobium trifolit are grown in the presence of oxybiotin indicates that 
oxybiotin is the factor present within the cells of these microorganisms. 

It is evident that the yeast cells can reintroduce the sulfur atom into the 
desthiobiotin structure. However, the oxybiotin molecule is active as 
such, without transformation into biotin. These experiments are the first 
demonstration that the sulfur atom in biotin is not essential for the growth- 
promoting activity of this compound in Saccharomyces cerevisiae and 
Rhizobium trifolit. 

Furthermore, it may be pointed out that the biotin-oxybiotin relation- 
ship is the first observed instance in which an atom in the ring structure of 
a natural nutrilite has been replaced without significantly affecting its 
biological activity. 


The authors thank Miss Lola Ward for technical assistance. 


SUMMARY 


A procedure has been developed for the determination of oxybiotin in 
biological materials. ‘The method is based upon the destruction of biotin 
by dilute potassium permanganate solution, and the stability of oxybiotin 
toward this reagent. The yeast growth-stimulating activity of acid hy- 
drolysates of tissues or microorganisms following treatment with permanga- 
nate appears to be representative of their oxybiotin content. 

This new method has been used to demonstrate that Saccharomyces 
cerevisiae and Rhizobium trifolii grown in the presence of oxybiotin utilize 
this compound as such, and do not convert it into biotin. These results are 
the first demonstration that the sulfur atom is not essential for the biological 
activity of biotin. 
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DESTHIOBIOTIN IN THE BIOSYNTHESIS OF BIOTIN* 
By E. L. TATUM 
(From the School of Biological Sciences, Stanford University, California) 
(Received for publication, July 23, 1945) 


Recent studies on the biotin requirements of a number of microorganisms 
have shown that they can be divided into two classes with respect to their 
utilization of desthiobiotin. One group, typified by Saccharomyces cerevi- 
siae (1) and including Neurospora and certain other fungi (2), needs for 
growth either desthiobiotin or biotin. The activity of desthiobiotin for 
Saccharomyces cerevisiae has been shown to be associated with its in vitro 
It seems likely that this conversion occurs in the 


conversion to biotin (3). 
The other group, typified by Lactobacillus 


other organisms of this group.! 
casei (1) and including certain other bacteria and fungi (2), is unable to 
grow with desthiobiotin, presumably since this substance cannot be con- 
verted to biotin by these organisms. These observations suggest that 
desthiobiotin is a normal intermediate in the biosynthesis of biotin (4). 

The evidence reported in this paper indicates that an x-ray-produced 
mutant strain of Penicillium chrysogenum, strain 62078, synthesizes desthio- 
biotin but cannot convert it to biotin, and that as a result it requires biotin 
for growth. In addition, the réle of pimelic acid in the biosynthesis of 
biotin (5, 6) has been confirmed by the demonstration that pimelic acid 
increases the production of desthiobiotin by this strain approximately 10- 
fold. This evidence strongly supports the hypothesis that desthiobiotin is 
anormal intermediate in the biosynthesis of biotin. 

EXPERIMENTAL 


The following biotin-requiring microorganisms have been used: Neuro- 
spora crassa 1A, Escherichia coli, strain 58 (7), Penicillium notatum, strain 
21464, and Penicillium chrysogenum, strain 620782 Neurospora was grown 
in the medium described by Horowitz and Beadle (8), Escherichia coli in 
the medium given by Gray and Tatum (7), and the Penicillia in the 
Czapek-Dox medium. 

*This work was supported in part by grants from the Rockefeller Foundation. 
The mutant strains of Penicillium were obtained in connection with work done under 
the Office of Production Research and Development, War Production Board, Con- 


tract 169. 

t Present address, Osborn Botanical Laboratory, Yale University, New Haven, 
Connecticut . 

1 Direct evidence of this conversion has recently been reported by L. H. Leonian 
and V. G. Lilly (J. Bact., 49, 291 (1945) ). 

*Bonner, D., Beadle, G. W., and Mitchell, H. K., unpublished. 
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The specificities of the biotin requirements of these cultures were deter. 
mined with samples of desthiobiotin, biotin diaminocarboxylic acid, des- 
thiobiotin diaminocarboxylie acid, and biotin sulfone obtained through the 
courtesy of Dr. Vincent du Vigneaud. ‘The results of these tests showed 
that Neurospora crassa used desthiobiotin for growth just as well as biotin, 
Escherichia coli 58 responded somewhat more slowly to desthiobiotin, but 
the activities of the two substances were the same after 63 hours incubation, 
The other compounds had activities for both organisms of less than 0.0] 
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Fic. 1. The responses of Penicillium mutant strains to biotin and to desthiobiotin 


per cent of that of biotin. Biotin sulfone inhibited the activity of biotin 
and desthiobiotin for both Neurospora crassa and Escherichia coli 58, with 
inhibition ratios (9) of about 1000. 

The results of tests of the two biotin-requiring mutant strains of Peni- 
cillia are given in Fig. 1. Strain 21464 responded to desthiobiotin almost 
as well as to biotin. In contrast, strain 62078, which has a quantitatively 
similar biotin requirement, is unable to use desthiobiotin. If these strains 
of Penicillium are analogous to mutant strains of Neurospora (10), the 
reactions which normally lead to the biosynthesis of biotin should be 
broken in two different single reactions in the two strains, since they 
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differ in their ability to use desthiobiotin. If strain 62078 owes its need 
for biotin to the loss of ability to convert desthiobiotin to biotin and if 
desthiobiotin is a normal intermediate in biotin synthesis by Penicillium 
chrysogenum, this strain should make desthiobiotin. An attempt to demon- 
strate the production and accumulation of desthiobiotin by this strain was 
made with culture methods similar to those used in analogous cases with 
Neurospora mutant strains (10, 11). 

Penicillium chrysogenum, strain 62078, was grown in 125 ml. Erlenmeyer 
flasks containing 50 ml. of the Czapek-Dox medium supplemented with 
0.01 and with 0.1 y of biotin. After 6 days incubation at 25° with constant 


TaBLe I 
Production of Desthiobiotin by Penicillium chrysogenum 62078 (Assayed after 6 Days 
Growth at 25° with Constant Shaking) 








per 50 ml. culture 





| Desthiobiotin produced, 








et Additions to Czapek-Dox medium, per 50 ml. culture 
Neurospora | Escherichia 
crassa assay | coli 58 assay 
| zz y 
1 | 0.01 y biotin | 0.235 
3 Be. | 0.235 | 
2 }O.01 “ | 0.46 0.41 
| 0.01 ‘* ‘ + 1 mg. pimelic acid | 58.9 5.6 
10.01‘ “ +1 “ cystine | 0.52 0.48 
| 0.01‘ ‘ +1 “ pimelic acid + 1 mg.cys-} 5.5 5.8 
| tine 
3 | 0.01 y biotin | 0.23 
| Sea 1 y pimelic acid | 0.25 
64%, *.. 4), Bra ve | 0.82 
| ao. * ae ™ | 1.04 
Ca” * 4+ 2 4.08 
4 oe * ee ee 3.25* 








* 0.005 y of biotin by Lactobacillus casei assay. 


shaking, the cultures were heated to boiling and filtered. The filtrates, 
assayed for biotin with Neurospora crassa, contained approximately 0.23 
y of biotin equivalents per 50 ml. of culture (Table I, Experiment 1). 
These solutions showed biotin activity for Penicillium strain 21464 but 
not for strain 62078, and the failure of strain 62078 to grow was not due 
to inhibitory substances, since the addition of biotin led to the expected 
growth. These results suggest that the active substance produced by 
strain 62078 is not biotin as such. 

Further similar experiments were performed, including tests for the 
effects of pimelic acid and cystine (5, 6) on the production of the biotin- 
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active substance. The results are given in Table I. Assays for biotiy 
with Neurospora crassa and with Escherichia coli 58 gave similar values, 
Pimelic acid increased the amount of active substance from approximately 
0.5 y of biotin equivalent to 5.0 y per culture, but cystine had no apparent 
effect either with or without pimelic acid (Experiment 2). In Experiment 
3, the addition of | mg. of pimelic acid per 50 ml. of culture was found to 
give the maximum effect. Pimelic acid with or without cystine had no 
biotin activity for Neurospora, Escherichia coli 58, or for the two Penicillium 
strains. 

This evidence suggests that the biotin-active substance produced by 
Penicillium chrysogenum, strain 62078, is desthiobiotin. However, since 
Lactobacillus casei is known not to respond to desthiobiotin (1), it was 
felt that a direct test with this organism was desirable as confirmatory 
evidence. The filtrate was slightly active on L. casei in the medium of 
Hutchings and Peterson (12). However, on the basis of a curve with 
known biotin supplements in medium containing additions of a Penicillium 
filtrate which by Neurospora crassa assay contained 3.25 y of biotin equiva- 
lent per 50 ml. (Experiment 4), the amount of biotin from the L. casei 
assay could not have been over 0.005 y per 50 ml. This result substanti- 
ates the conclusion that the biotin-active substance produced by Penzeil- 
lium chrysogenum 62078 is desthiobiotin. 


DISCUSSLON 


The results reported in this paper support the conclusion that desthio- 
biotin is a normal intermediate in the synthesis of biotin by Penicillium. 
In Penicillium chrysogenum 62078 pimelic acid seems to be a precursor of 
desthiobiotin, since its addition resulted in a 10-fold increase in the des- 
thiobiotin produced. This is comparable to the 16-fold increase in the 
biotin production of Aspergillus niger demonstrated by Eakin and Eakin 
(6), but is a much greater absolute increase in terms of biotin equivalents. 
Pimelic acid increased the production of biotin by Aspergillus niger from 
0.006 to 0.1 y per 12 ml., but increased the production of desthiobiotin 
by Penicillium chrysogenum 62078 from 0.5 to 5.0 y per 50 ml.  Sinee 
cystine had no effect on the synthesis of desthiobiotin, which differs from 
biotin only in the absence of the sulfur atom in the molecule, it seems likely 
that cystine is not involved in the synthesis of desthiobiotin, but rather in 
the conversion of desthiobiotin to biotin. 

In view of the effects of x-ray and ultraviolet irradiation in producing 
biotin-requiring strains of Escherichia coli (7) and Penicillium,? presumably 
as the result of gene mutations, the biotin requirements of other micro- 
organisms found in nature may have resulted from analogous mutations 
affecting different biochemical steps in this synthesis. In organisms found 
in nature, more than one reaction may be blocked as the result of accumu- 
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lated independent mutations. It also seems likely that the reactions in- 
volved in the synthesis of biotin are the same in all microorganisms. If 
this is true, biotin-requiring microorganisms may be classified into several 
types, depending on the location of the terminal block in the synthesis in 
each case. 

In one class, represented by the diphtheria bacillus (3), the synthesis of 
pimelic acid is blocked. In another class the synthesis of desthiobiotin 
from pimelic acid is blocked. This class may include Saccharomyces 
cerevisiae (1), Ceratostomella ips 438, Neurospora crassa and N. sitophila 
(2, 13), Penicillium notatum 21464, and Escherichia coli 58, since these can 
use desthiobiotin but not pimelic acid. A third class including Lacto- 
bacillus caset (1), Ceratostomella pini 416, Sordaria fimicola, Lactobacillus 
arabinosus, Rhizobium trifolii 205 (2), and Penicillium chrysogenum 62078 
would consist of those organisms which cannot convert desthiobiotin to 


biotin. 
SUMMARY 


Neurospora crassa, Escherichia coli 58, and Penicillium notatum 21464 
grow as well on desthiobiotin as on biotin, but Penicillium chrysogenum 
62078 is unable to grow on desthiobiotin. 

The production of a substance with the specific biological activity of 
desthiobiotin by Penicillium chrysogenum 62078 has been demonstrated. 
The addition of pimelic acid increased the production of this substance 
from 0.5 y to 5.0 y of biotin equivalent per 50 ml. of culture. Cystine 
had no effect. 

These observations suggest that desthiobiotin is a normal intermediate 
in the biosynthesis of biotin by Penicillium chrysogenum, and probably also 


in other microorganisms. 
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THE FUNCTION OF PYRIDOXINE: CONVERSION OF MEMBERS 
OF THE VITAMIN Bs GROUP INTO*CODECARBOXYLASE 
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(From the Laboratory of Bacteriology, College of Agriculture, Cornell University, Ithaca) 


(Received for publication, June 28, 1945) 


Snell and coworkers (1-4) have recently demonstrated that three com- 
pounds, pyridoxine, pyridoxamine, and pyridoxal,’ show vitamin Be ac- 
tivity for various organisms. All three compounds are utilized by Sac- 
charomyces carlsbergensis, Neurospora sitophila, and the rat, pyridoxal and 
pyridoxamine are effective for Streptococcus faecalis R, while Lactobacillus 
casei responds only to pyridoxal (4). The wide distribution-ef these three 
compounds in nature has also been established (5). 

Studies on the function of the vitamin Bs group have shown that pyri- 
doxal can be converted biologically and chemically into a compound of 
unknown structure which serves as the coenzyme of amino acid decarboxy- 
lases (6). Gale and Epps (7) have isolated a substance from natural 
products which also serves as the coenzyme of amino acid decarboxylases, 
and have termed this material codecarboxrylase. As other studies (8) have 
shown the similarity of the natural preparations to those prepared biologi- 
cally and chemically from pyridoxal, the term codecarboxylase is used in 
this paper to refer to all preparations which possess coenzyme activity for 
the amino acid decarboxylases. To date four amino acid decarboxylases, 
tyrosine (7, 9), lysine (7), arginine (10), and glutamic acid (10), have been 
shown to require this coenzyme. 

The present work? was undertaken to determine whether members of the 
vitamin Bs, group in addition to pyridoxal are converted into codecarboxy- 
lase. For this purpose, various organisms were grown in media with 
pyridoxine, pyridoxamine, or pyridoxal as the source of vitamin Bs, and the 
cells harvested and assayed for codecarboxylase. It has been found that 
the three known members of the vitamin Bs group are converted, at least 
partially, into codecarboxylase by growing cultures. In addition, resting 
cells of Streptococcus faecalis will convert pyridoxamine into codecarboxy- 
lase if pyruvate is also present. 

A correlation has been found between the codecarboxylase content of rat 
tissue and the pyridoxine content of the diet. 


1 We wish to thank the Research Laboratories of Merck and Company, Inc., for 
the pyridoxal and pyridoxamine used in these studies. 

* A preliminary report of this work was given at the spring meeting of the Central 
New York Branch of the Society of American Bacteriologists (J. Bact., in press). 
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More codecarboxylase activity is obtained per mole of pyridoxal, or of 
other members of the vitamin Bs group, furnished during growth than by 
the addition of pyridoxal to resting cells, or cell preparations, of Streptocoe- 
cus faecalis R. 


Methods 


Both growing cultures and resting cell suspensions have been tested for 
their ability to convert members of the vitamin B, group into codecarboxy- 
lase. Growing cultures would appear to offer the greater promise for the 
formation of codecarboxylase, because a culture which can use a vitamin to 
fulfil its growth requirement would seem of necessity to convert that vita- 
min into a functional unit. On the other hand, resting cells would be more 
specific in their requirement and, therefore, might be expected to yield more 
information as to the mechanism of coenzyme formation. 

Two methods have been employed to detect codecarboxylase. The first, 
which was used with Streplococcus faecalis R, depends on the formation of 
tyrosine decarboxylase apoenzyme by this culture when it is grown in the 
absence of members of the vitamin Bs group (11). Cells from such cultures 
do not decarboxylate tyrosine unless substances are furnished, either during 
growth or to the resting cells after harvest, which are converted into code- 
carboxylase. As the rate of tyrosine decarboxylation by these cells has 
been shown to be a function of the coenzyme concentration, the formation 
of codecarboxylase can be determined directly (8). 

The second method used for the determination of codecarboxylase de- 
pends on the extraction of the coenzyme from cells grown with various 
members of the vitamin By group and the assay of the extract with the 
tyrosine decarboxylase apoenzyme of Streptococcus faecalis R (8). This 
procedure was, of necessity, applied to those cultures for which specific 
amino acid decarboxylases were unknown. Because pyridoxal was the only 
substance available in pure form, which activates the decarboxylase system, 
the assay was standardized in terms of pyridoxal (plus adenosine triphos- 
phate) and the amount of coenzyme expressed in terms of ‘pyridoxal 
equivalents.” The extraction procedure, which was adapted from the 
studies of Gale and Epps (7), was as follows: The tissues were homogenized 
in 0.1 Nn NaOH, heated to 100° for 5 minutes, cooled, and adjusted to pH 
5.0. Aliquots were assayed without removing the suspended matter. 


EXPERIMENTAL 


Codecarboxylase Production by Streptococcus faecalis—<A cell suspension of 
Streptococcus faecalis grown in a vitamin Be-deficient medium (9) will con- 
vert pyridoxal into codecarboxylase, and dried cell preparations will also 
convert pyridoxal into this coenzyme if adenosine triphosphate is furnished 
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(6). The quantitative response of the preparations to the addition of 
pyridoxal is shown in Table I. As the optimum pH for decarboxylation by 
living cells is slightly lower than that for cell preparations, each was run at 
its optimum pH. ‘The level of pyridoxal required for half maximum stimu- 
lation of the apoenzyme is similar with the resting cells and the dried 
preparation. From the amount required, about 0.15 y per 3 ml. of fluid 
volume, the dissociation constant has been calculated as 3 X 10-7 mole per 
liter (8, 9). 

To compare the conversion of pyridoxal into codecarboxylase by growing 
cells with that formed by resting cells, or cell preparations, Streptococcus 


TABLE | 
Codecarborylase Formation from Pyridozal by Cell Suspensions and Cell Preparations 
of Streptococcus faecalis R 

Per Warburg cup, in the side arm, 0.5 ml. of m/30 tyrosine suspension; in the cup, 
cell suspension, cells from 3 ml. of medium = 0.25 mg. of bacterial N, 1 ml. of m/15 
phthalate buffer (pH 5.0), and water or pyridoxal to 2.5 ml.; cell preparation, 1 mg. 
of dried cell preparation,* 1 ml. of 0.2 m acetate buffer (pH 5.5), 1 mg. of adenosine 
triphosphate, and water or pyridoxal to 2.5 ml. 


COs: evolved 
Pyridoxal added sociation 

















Cell cutjuesien Cell preparation* 

¥ per 3 “a en microliters our by. 7 microliters per hr. 
0.0 3 15 
0.01 38 
0.04 57 62 
0.06 78 80 
0.3 | 177 | 283 
0.6 228 343 





10.0 | 400 | 440 


* The dried cell preparation may also be used for the assay of coenzyme, in which 
case the adenosine triphosphate is omitted (8). 


faecalis R was grown with graded amounts of pyridoxal. It was felt that 
this would afford a method for the standardization of an extraction proce- 
dure for the coenzyme. That is, the rate of tyrosine decarboxylation by 
cells grown with different levels of pyridoxal could be determined directly, 
and the codecarboxylase content calculated by comparison to the CO, 
evolution obtained with the assay preparation in the presence of an aliquot 
of the cell extract. To determine the codecarboxylase content from the 
rate of tyrosine decarboxylation the total amount of enzyme per Warburg 
cup would need to be held constant. Cells grown with 0.03 y or less of 
pyridoxal per 3 ml. contained similar amounts of tyrosine decarboxylase 
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(Table IT, third column); so that within these limits the rate of tyrosine 
decarboxylation can be compared to the rate observed with the assay 
system (Fig. 1). As may be seen from the curves, the cells grown with 
pyridoxal gave a greater rate of decarboxylation per unit of pyridexal fur- 
nished than did the resting cell suspension to which pyridoxal was added 
after harvest. About 10 times as much pyridoxal are required for a given 
rate of decarboxylation by the resting cells as by the growing culture. The 
present data are not sufficient to determine whether the greater activity of 


TaB.e II 
Codecarborylase Formation from Pyridoxal by Growing Cullures of 
Streplococcus faecalis 
Per Warburg cup, in the side arm, 0.5 ml. of m/30 tyrosine suspension; in the cup, 
cells from 3 ml. of medium (0.25 mg. of bacterial N) and 1.0 ml. of m/15 phthalate 
buffer (pH 5.0). 


CO» evolved by cells from 3 ml. of medium Codecarboxylase assay of cell extract 
Pyridoxal in 
medium Pyridoxal 
As harvesied + 10 y pyridoxal - hee _ Activity* 
equivalent 
y per 3 mi microliters per hr microliters per hr y per 3 ml 
0.0 3 450 0.0045 
0.0015 16 360 0.006 4.0 
0.003 40) 150 0.054 18.0 
0.0045 55 0.055 12.2 
0.006 64 150 0.072 12.1 
0.012 87 0.078 6.5 
0.03 120 400 0.084 a8 
0.09 142 200t 0.240 2.6 
0.9 190 200t 0.700 0.8 
* Activity = micrograms of codecarboxylase (pyridoxal equivalents) per micro- 


gram of pyridoxal furnished to the growing culture. 

t Indicates that cells have a lower enzyme content. It appears that the decreased 
enzyme content at the higher levels of pyridoxal is due to the exhaustion of the 
tyrosine from the medium. The addition of tyrosine to the medium increased the 


apoenzyme content in these cases. 


the cells grown with pyridoxal indicates a more efficient conversion of 
pyridoxal to coenzyme or the formation of a different type of coenzyme. 
For the present it is assumed that the greater activity observed when pyri- 
doxal is present during growth is due to more efficient conversion by grow- 
ing cultures. 

The increased activity observed in cells grown in the presence of pyridoxal 
does not allow a determination of the exact degree of conversion of vitamin 
B, derivatives to codecarboxylase. As mentioned above, the cells grown 
with pyridoxal were extracted and assayed for codecarboxylase with the 
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dried cell preparation. The assay data, given in Table II, also indicate 
that the growing culture is 15 to 20 times as efficient in converting pyridoxal 
into codecarboxylase as is the assay system, thus affording satisfactory 
agreement with the data obtained with living cell suspensions (Fig. 1). 
As may be seen from Table II, those cells grown without pyridoxal show 
a small amount of codecarboxylase by the extraction procedure. 
Calculations of the efficiency of codecarboxylase production from other 
members of the vitamin Bs group must be considered in the light of this 


| | 
PY RIDOXAL —®*CODECARBOXYLASE 
.FA ALI 
S. FAECALIS R GROWING CULTURE 








° 
° 


“. CELL SUSPENSION 





YZ 
° 





COp EVOLVED FROM TYROSINE _(UL/HR.) 

















20 60 100 
MY PYRIDOXAL SUPPLIED /3 ML. ° 
Fig. 1. Codecarboxylase activity of cells grown with pyridoxal versus cells grown 
without and furnished pyridoxal in Warburg cups. Per cup, in the side arm, 0.5 ml. 
of m/30 tyrosine; in the main cup, | ml. of m/15 phthalate buffer (pH 5.0), cells from 
3 ml. of medium (0.25 mg. of bacterial N), and pyridoxal or water to 2.5 ml.; 28°. 


finding. That is, recov ries of 1000 to 2999 per cent based on the amount 
of vitamin Bs member furnished may be expected when the coenzyme 
activity is expressed in terms of pyridoxal equivalents. 

Streptococcus faecalis, strain R, as shown by Snell (1), is able to utilize 
pyridoxal and pyridoxamine for growth. The data of Table III show that 
pyridoxamine as well as pyridoxal is converted into codecarboxylase by 
growing cultures, and that codecarboxylase recoveries as high as 13 times 
the pyridoxamine furnished were obtained. 

Resting cell suspensions of Streptococcus faecalis R do not convert pyri- 











166 FUNCTION OF PYRIDOXINE 


doxamine to codecarboxylase (9) in the tyrosine system at pH 5.0. Such 
suspensions, however, will convert pyridoxamine into codecarboxylase if 
a keto acid, such as pyruvate, is added and the mixture (cells, pyridoxamine, 


TaBLeE III 


Conversion of Pyridozamine to Codecarbozylase by Growing Cultures of Streptococcus 
faecalis R 


‘ / , Codecarboxylase assay of cell extract 
Tyrosine decarboxylation 
by cell suspensions 


Pyridoxamine supplied 


Pyridoxal equivalent Activity * 
¥ per 10 ml. Qco, (%) > per 10 ml. 
0.0 3 0.004 
0.001 32 0.017 13 
0.010 62 0.040 4 





0.040 362 0.036 0.8 


* Micrograms of codecarboxylase per microgram of pyridoxamine furnished. 
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Fig. 2. Conversion of pyridoxamine to codecarboxylase by cell suspensions. The 
cells were incubated for 30 minutes at 28° with 3 y of pyridoxamine, 3 micromoles of 
pyruvate, or both, in 2 ml. of m/300 phosphate buffer, pH 7.0, and then added to 4 
Warburg cup which contained, in the side arm, 0.5 ml. of m/30 tyrosine, in the main 
cup, 1.0ml. of m/15 phthalate buffer, pH 4.8 (final pH 5.0). The CO, evolved from 
tyrosine is measured in microliters per hour. 


and pyruvate) incubated at pH 7 before the tyrosine decarboxylation is 
determined at pH 5 (Fig. 2). The incubation at pH 7 is necessary; cells 
incubated with pyridoxamine and pyruvate at pH 5 do not form code- 











ch 


ie, 


cus 


The 
es of 
to a 


from 
yn is 


cells 
ode- 











BELLAMY, UMBREIT, AND GUNSALUS 467 


carboxylase. The formation of codecarboxylase from pyridoxamine in the 
presence of pyruvate would appear to involve transamination in which the 
amino group of pyridoxamine is transferred to pyruvate to yield pyridoxal 
and alanine, the pyridoxal being converted into codecarboxylase. This 
reaction would constitute the biological counterpart of the chemical trans- 
formation of pyridoxamine into pyridoxal by heating with keto acids (Snell 
(12)). 

Codecarboxylase Production by Saccharomyces carlsbergensis—Saccharo- 
myces carlsbergensis is able to utilize pyridoxine, pyridoxamine, and pyri- 
doxal equally well for growth (4). To test the ability of this culture to 


TaBLe IV 


Conversion of Members of Vitamin Bs Group to Codecarbozylase by 
Saccharomyces carlsbergensis 


Growth medium, base medium (9) plus 50 y of thiamine and 5 mg. of inositol per 
100 ml. of medium. 


Micrograms 


Codecarboxylase | codecarboxylase 
Amount supplied Growth in cell extract Micrograms 
by assay* vitamin Be 
furnished 
y per 100 ml. turbidityt + per 100 ml. 
0.0 8 0.15 
Pyridoxal 0.05 10 0.25 5 
0.1 10 0.25 2.5 
0.5 30 2.44 4.9 
Pyridoxamine 0.05 12 0.52 10 
0.1 30 1.70 17 
0.5 150 2.03 4.1 
Pyridoxine 0.05 12 0.93 19 
0.1 16 1.73 17 
0.5 145 244 =| 4.9 


| | | 








* Extraction and assay described in the text. 
t Each scale unit = 6 y of bacterial N per 10 ml. 


convert members of the vitamin Bs group into codecarboxylase the organism 
was inoculated into 50 ml. quantities of broth in 125 ml. Erlenmeyer flasks 
and incubated with shaking for 18 hours at 30°. The cells were harvested, 
extracted, and assayed for codecarboxylase. The results (Table IV) show 
that the three members of the vitamin B, group are converted into code- 
carboxylase and the activity per mole of vitamin B, furnished is 10 to 20 
times that obtained with the pyridoxal-adenosine triphosphate standard. 

Codecarborylase Production by Neurospora sitophila—The pyridoxineless 
x-ray mutant of Neurospora sitophila (Beadle and Tatum (13)) may be used 
for the assay of pyridoxine (14). This strain responds equally well to all 
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three members of the vitamin Bs group (4). Stokes ef al. (14) have shown 
that the culture will grow without pyridoxine at a pH above 5.8 and will 
synthesize pyridoxine, as indicated by the Neurospora silophila and Lacto- 
bacillus casei assay methods. The data presented in Table V show that 
codecarboxylase is formed from the three members of the vitamin Bg 
group. With this culture also the conversion factor is 10 or more. The 
value of 43 for a low level of pyridoxal is the highest so far obtained. It 
should be noted that in the absence of the vitamin Bs group this culture 
grows slightly and contains material which activates the assay system; 
thus the factor of 43 may be higher than actually occurs. 


TaBLe V 
Conversion of Members of Vitamin Bg Group into Codecarborylase by 
Neurospora sitophila* 


Growth medium, base medium (9) adjusted to pH 5.0 after autoclaving. 


Micrograms 
Codecarboxylase codecarboxylase 
4 : Growth (cell _— —s a 
mount supplied slieamen in cell extract Micrograms 
by assay vitamin Be 
furnished 
¥y per 25 ml. me. per 25 ml 
0.0 0.6 0.12 
Pyridoxal 0.01 1.5 0.55 43 
0.04 14 0.72 15 
1.5 19 0.7 5 
Pyridoxamine | 0.04 0.56 ll 
Pyridoxine 0.04 0.42 7.5 


* We wish to thank Dr. Beadle for supplying this culture. 
t Extraction and assay described in the text 


Neurospora silophila, when grown under conditions permitting synthesis 
of vitamin Bs as described by Stokes ef al. (14), forms codecarboxylase 
(Table VI). 

Table VI also shows that several other organisms which do not require 
vitamin Be, for growth form codecarboxylase in considerable quantities. 
One culture, Streptococcus lactis L103, vielded only a small amount of 
coenzyme. 

Relation between Pyridoxine Fed and Codecarborylase in Rat Tissue® 
Through the facilities of the Merck Institute for Therapeutic Research we 
were provided with tissues from rats on diets deficient in vitamin Bg deriva- 
tives and with those from animals on identical diets supplemented with 
pyridoxine. After the growth experiments, portions of muscle and of liver 


* We wish to thank the Merck Institute for Therapeutic Research for the rat 


tissues. 
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TasLe VI 
Presence of Codecarborylase in Organisms Grown on Medium Deficient in 


Vitamin By Group 


Growth medium, base medium (9). 


Codecar- 


pom 
Growth , asmy © 
_— Age of Volume | cell ex- 
Organism “re culture (of medium! tracts 
- (pyridoxal 
equiva- 
lents) 
Fad y per 
c. hrs mi. 100 mil. 
Escherichia coli, Crookes strain* 37 19 30 1.30 
28 19 30 1.87 
Zz ** 86 37 19 20 0.32 
Streptococcus lactis L103 28 19 175 0.01 
Lactobacillus arabinosus 17-5 35 24 100 0.155 
Neurospora sitophila, pyridoxineless, pH 7.0 25 72 25 1.6 


* Arginine and glutamic acid decarboxylases are present, for which codecarboxy- 
lase is the coenzyme (10). 


CODECARBOXYLASE CONTENT OF 
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Fig. 3. Influence of pyridoxine in the diet on the codecarboxylase content of rat 
tissue. The tissues were extracted with alkali and the extract assayed with tyrosine 
decarboxylase apoenzyme. 


were removed, frozen, and shipped to our laboratories in dry ice. Upon 
arrival, the frozen tissue was extracted with alkali as previously described 
and the extract assayed for codecarboxylase. 

Two series of animals were analyzed. In the first, the codecarboxylase 
content of muscle and liver from the deficient rats was compared with the 
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level found in animals on the identical diet supplemented with 50 y of 
pyridoxine daily. The data (Fig. 3) show that the tissues from the animals 
which received pyridoxine contained several times as much codecarboxylase 
as those from the animals on the deficient diet. 

In the second experiment, tissues of rats which received graded levels of 
pyridoxine were analyzed. The data (Fig. 4) show that, while some varia- 
tion in codecarboxylase content occurs, there is a relationship between 
the pyridoxine fed and the codecarboxylase content of the muscle. The 
points connected by the line represent the average codecarboxylase content 
of each group of animals. If these are plotted to scale, a straight line rela- 
tionship between pyridoxine supplied and the codecarboxylase content 
of the tissue is found. The growth requirement was met by the 15 y level 
CODE CARBOXYLASE IN RAT MUSCLE 
IN RELATION TO PYRIDOXINE FED 
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Fia. 4. Codecarboxylase content of tissue from rats on varied levels of pyridoxine 


of pyridoxine, but the analyses (Fig. 4) show that an increased supply of 
pyridoxine, beyond that required by growth, yielded a higher level of 
codecarboxylase. 

DISCUSSION 


The finding that the three known members of the vitamin Be group, 
pyridoxine, pyridoxamine, and pyridoxal, are converted into codecarb- 
oxylase by the organisms capable of utilizing them for growth would support 
the conception that codecarboxylase is an important functional form of 
To date, codecarboxylase is known to function as the coen- 
acid decarboxylases. The relationship of pyridoxine 
acid metabolism (15-17), may involve the conversion 
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of pyridoxine into codecarboxylase by the animal. The data presented 
here for rat tissues would favor this view. 

In addition to the direct conversion of pyridoxal to codecarboxylase, 
activation of pyridoxamine as a precursor of codecarboxylase by pyruvate 
suggests that the pathway of formation of the codecarboxylase is through 
pyridoxal. This formation of the coenzyme from pyridoxamine is most 
readily interpreted as the transamination of pyridoxamine and pyruvate 
to pyridoxal and alanine, a process which may also be related to the replace- 
ment of pyridoxine derivatives by alanine for the growth of this culture. 
The observation that alanine may substitute for vitamin Bs for the growth 
of Streptococcus faecalis R has been interpreted as an indication of the 
synthesis of vitamin B, from alanine (18, 19). However, as has previously 
been shown (11), alanine does not serve as a precursor of codecarboxylase 
for Streptococcus faecalis R, as indicated by the fact that cells grown with 
alanine, instead of members of the vitamin Bs group, yield the tyrosine 
apoenzyme and not the complete enzyme as would be expected if code- 
carboxylase were synthesized. 


SUMMARY 


The known members of the vitamin Bs group are converted into code- 
carboxylase by microorganisms capable of utilizing them as a source of 
vitamin Bg. 

The efficiency of codecarboxylase formation by growing cells is from 
10 to 20 times as great as with cell suspensions or cell preparations of 
Streptococcus faecalis R. 

Cell suspensions of Streptococcus faecalis R form codecarboxylase from 
pyridoxamine in the presence of a keto acid. 

Organisms which are capable of growing without vitamin Be, have been 
shown to synthesize codecarboxylase. 

The codecarboxylase content of rat tissue is directly related to the 
pyridoxine level in the diet. 
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THE SYNTHESIS AND CONFIGURATION OF d-14-METHYL- 
PALMITIC ACID AND ITS IDENTITY WITH THE NATURAL 
ACID FROM WOOL FAT 
By SIDNEY F. VELICK anp JAMES ENGLISH, Jr. 

(From the Department of Chemistry, Yale University, New Haven) 
(Received for publication, July 3, 1945) 


The acidic components of wool fat have recently been resolved by 
Weitkamp into four homologous series of acids (1). One of these, the 
so called anteiso series, consists of optically active members with an odd 
number of carbon atoms. The proposed structure of the anteiso acids 
was deduced from binary melting point curves and from certain geo- 
metric and crystallographic considerations. It was concluded that the 
acids contained even numbered chains of carbon atoms and a methyl 
group in the antepenultimate position. Credence was lent this view by 
the correspondence in properties of the Ci, member with synthetic dl-16- 
methylstearic acid of which it was believed to be the optically active form. 
The direction and magnitude of the optical rotation indicated, according 
to the rule of Boys (2), that the configuration of the active center was the 
same as that of d(—)-2-methylbutanol-1 from fusel oil. 

The proposed structure of the anteiso acids, although without precedent 
among the known higher acids of mammalian fats, is formally similar to 
that of tuberculostearic acid isolated from the lipids of the tubercle bacillus 
(3-5) and to phytomonic acid isolated from the crown gall bacillus, Phyto- 
monas tumefaciens (6). We therefore considered it desirable, especially 
in view of the unusual method of structure determination employed by 
Weitkamp, to establish the structure and configuration by synthesis, in 
the optically active form, of one member of the series. The acid selected 
was d-14-methylpalmitic acid and the starting material d(—)-2-methyl- 
butanol-1, obtained by fractional distillation from fusel oil.' 

The following scheme was employed in the synthesis. 





CH, CH, 
! 
CH,CH.CH—cH.c1 ————#8-__——.. cH. cH. CH(CH.). CH=CH 
a : CH.=CH—CH.Br pas > 8 / 
CH, 
HBr | if \: (1) Mg 
eT _. OH,CH.CH(CH.);CHLB s ib 
a 2) (9) O=CH(CHs); COOCH, 


' We are indebted to Dr. Philip G. Stevens and Dr. Frank C. Whitmore for half 
of the active amy]! aleohol used in this work, and to Dr. Stevens for the loan of the 


Stedman column. 
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CH; 
‘ ‘ ‘ . . . (1)PBrs; 
CH,CH,CH(CH:), CHOH(CH,); COOCH; —2)KOH” 

CH; 
CH,CH,CH(CH,;),;CH=CH—(CH,);COOH + 

CH; 
CH,CH.CH(CH,),CH=CH(CH,), COOCH; 

CH; 


H, 
py? -CHsCH:CH(CH:)::COOH 


The carbon chain of active amyl alcohol was first lengthened by 3 carbon 
atoms by coupling it through its Grignard reagent with allyl bromide. 
This was done, with slight loss in activity, in order to remove the active 
center from the site of subsequent reactions which otherwise might be 
expected to cause more extensive racemization. Hydrogen bromide was 
then added to the resulting 5-methylheptene-1 in the presence of ascari- 
dole (7). The product consisted largely of 1-bromo-5-methylheptane 
which was freed of secondary bromides by fractional distillation. The 
procedure in the subsequent steps was essentially that employed by 
Tomecko and Adams in the synthesis of long chain hydroxy acids (8). 
The 1-bromo-5-methylheptane was converted to the Grignard reagent and 
condensed with 1 equivalent of 8-carbomethoxyoctanal-1 obtained by 
ozonization of methyl oleate. Dehydration of the resulting 9-hydroxy-14- 
methylpalmitic acid was achieved by replacement of the hydroxyl group 
with bromine and subsequent removal of hydrogen bromide by the action 
of alcoholic potassium hydroxide. The unsaturated product was hydrogen- 
ated and the resulting d-14-methylpalmitic acid purified by fractional 
distillation of its methyl ester. 

The properties of the natural and synthetic acids are listed in Table I. 
Although slight discrepancies are observed, there is essential agreement 
throughout. The slightly low melting points of the synthetic acid and its 
amide are to be attributed to a small amount of racemization incurred 
during the synthesis and to the possible presence of about 3 per cent of 
inactive isoamyl alcohol in the starting material. The mixed melting 
points, with samples kindly provided by Dr. Weitkamp, showed no signif- 
icant depression and the long crystal spacings of the amides, determined 
by x-ray diffraction, were the same. It may be concluded therefore 
that the structure and configuration proposed by Weitkamp are correct. 

Since the configuration of the anteiso acids is the same as that of d(—)-2- 
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methylbutanol-1, it is also identical with that of 1(—)-isoleucine. This 
relationship suggests that the biosynthesis of the anteiso acids may begin 
with isoleucine. Similarly the so called iso series of acids from wool fat, 
with a terminal isopropyl group, may be built up from valine or its deriva- 
tives such as isovaleraldehyde or isovaleric acid, which is known to occur 
in nature in the oil of the porpoise, Delphinum globiceps (10). The ad- 
dition of 2-carbon units at the carboxyl ends would produce the desired 
series with even and odd chains respectively. However, it is difficult by 
a similar analogy from known intermediates to suggest an origin for tuber- 
culostearic and phytomonic acids with secondary methyl groups near the 
middles of the chains. 


TABLE I 


Comparison of the Natural and Synthetic d-14-Methylpalmitic Acids and Their 
Derivatives 














Acid Amide | 
Ty wy aT ; | en | a .é - Rene as ester 
M.p.* |Rotation, ap| M.p. crystal | P- 
} spacing 
°C. °C. A | °C. 1 
Synthetic. . 36 -36.8 | +5.16 | 88 -89.5 | 32.8f 156° at 1.8 mm. 
Natural...... 37.3-37.6 | +5.23 | 90.6 | 32.8f 1a" * 1.9°¢ 
Mixed.............| 37 -87.4 | 


| 89.4-89.8 | 











* These were points of complete melting in a capillary in a stirred, electrically 
heated bath (9). The value for the natural product was redetermined by this 
method for purposes of comparison with the synthetic material. Weitkamp re- 
ported 36.8° for natural acid. 

¢ Possible error +0.3 A. 


It is apparent that natural fats have never been examined by methods 
as powerful as those employed by Weitkamp, and the question is raised 
whether the new acids are not more widely distributed in nature. In this 
respect it should be emphasized that the new acids are not combined 
with sterols as stated by Weitkamp, but with complex triterpenoid al- 
cohols which are not found in ordinary mammalian fats (11). It is possible 
that related acids may be found in the lipids associated with the hair of 
other species than sheep. 


EXPERIMENTAL 


d(—)-2-Methylbutanol-1—Reagent grade isoamyl alcohol (Merck), 
a} = —0.9° in substance in a 1 dm. tube, was fractionally distilled three 
times through a Stedman column containing 4 ft. of packed section. The 
observed rotation of the constant boiling fraction was a} = —4.66°. 
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Brauns reported a” = —4.71° for a carefully purified sample (12) and 
Whitmore and Olewine an average value of a,’* = —4.77° for material 
distilled through the 38 ft. packed column at Pennsylvania State College 
(13). The latter authors believed their material to be 95 per cent pure 
or better. 

d-1-Chloro-2-methylbutane—This compound was prepared from the 
alcohol by the action of thionyl chloride and pyridine according to the 
procedure of Clarke and Streight (14). From 50 gm. of alcohol there were 
obtained 41.7 gm. of chloride (70 per cent of theory), b.p.99-100°, n™ 1.4111, 

Optical Rotation—In homogeneous substance in a 1 dm. tube, di 0.8857, 


a® = +1.43°, [a] = +1.62°. Brauns reported [a]? = +1.644° for 
the chloride (12) and Whitmore and Olewine [a]?> = +1.66° (13). 


d-5-Methylheptene-1—The Grignard reagent, prepared from 33 gm. of 
d-1-chloro-2-methylbutane, 20 gm. of magnesium turnings, and 1 ce. of 
methyl iodide in 200 cc. of ether, was siphoned under dry nitrogen from 
the excess magnesium into a 3-necked flask fitted with a sealed stirrer, 
dropping funnel, and efficient condenser. 120 gm. (3 moles) of allyl 
bromide were gradually added through the dropping funnel. The reaction 
began spontaneously after a short induction period and continued with 
vigor. When it had subsided the mixture was refluxed for 30 minutes and 
allowed to stand overnight. The product was decomposed with aqueous 
ammonium chloride, washed, and distilled through a Widmer column. 
The fraction boiling above 80° was shaken with aqueous silver nitrate for 
15 minutes to remove traces of allyl iodide and was then made alkaline, 
steam-distilled, and finally dried over calcium chloride. On redistilla- 
tion from potassium carbonate through a 1 ft. Podbelniak column there 
were obtained 22.6 gm. (65 per cent of theory) of 5-methylheptene-l, 


n® = 1.4076, b.p. 113°. 


C Hy, (112). Caleulated, C 85.7, H 14.3; found C 85.2, H 14.7 


Optical Rotation—In homogeneous substance in a 1 dm. tube, aX = 
+7,28°, d® 0.7124, fa]® = +10.2°. 

d-1-Bromo-5-methylbutane—A redistilled commercial sample of octene-l 
gave good yields of primary bromide when treated with hydrogen bromide 
in the presence of benzoyl peroxide. However, under the same conditions 
d-5-methylheptene-1 yielded a product which contained much labile 
secondary bromide and showed too high a rotation, a? = +11.5° in sub- 
stance in a | dm. tube. It was subsequently found with freshly syn- 
thesized heptene-1 that benzoyl peroxide, due presumably to its low 
solubility, was virtually inactive in promoting abnormal addition and that 
the above erratic results were due to the presence of natural peroxides in 
the octene-1 used. Ascaridole as recommended by Iharasch and eo 


workers (7) was therefore employed. 
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25 gm. of 5-methylheptene-1 and 1.5 gm. of ascaridole in 50 ee. of pen- 
tane were chilled to —70° in an acetone-dry ice bath. Hydrogen bromide, 
generated from tetralin and bromine and purified in a red phosphorus and 
calcium chloride train, was passed into the chilled solution until 25 gm. 
had condensed (theory 15 gm.). The mixture was allowed to stand 12 
hours in the cold and then at room temperature until most of the excess 
hydrogen bromide had evaporated. 

The resulting solution was washed with water, dilute ferrous sulfate, 
sodium hydroxide, and water, dried, and distilled through a 3 ft. jacketed 
concentric tube column. There were obtained about 6 cc. of a fore run 
boiling between 107—-112° at 65 mm., n2* 1.4562 to 1.4539, which gave a 
positive test for secondary bromide with alcoholic silver nitrate (15). 
The main fraction, b.p. 112° at 65 mm., n2 1.4532, weighed 23 gm. (67 
per cent of theory) and contained no detectable secondary bromide. 


CsHyBr (192). Caleulated. C 49.77, H 8.81, Br 41.42 
Found. “ oe? 288. ¢ 2a 


Optical Rotation—In homogeneous substance in a 1 dm. tube, att — 
+8.05°, d;* 1.110, [a]2* = +7.25°, [M], = +13.92°. 

Although this substance has not previously been prepared in optically 
pure form, its theoretical maximum molecular rotation has been calculated 
by Levene and Marker to be [1/7], +14.92° (16). Assuming this value 
to be correct, although it may be high, our primary bromide, after cor- 
recting for 3 per cent inactive isomer, is calculated to contain less than 4 
per cent of the /-antipode. This slight racemization presumably occurred 
during the coupling of the active Grignard reagent with allyl bromide, 
since Whitmore and Olewine have shown that about 10 per cent racemiza- 
tion occurs in the cycle: active alcohol — active chloride — Grignard 
reagent —> active alcohol (17). 

8-Carbomethoxyoctanal-1—This compound was prepared in 40 per cent 
yield by ozonization of methyl oleate as previously described (18), b.p. 
105° at 2 mm., n> 1.4378. 

Methyl-d-14-methyl-9-hydroxypalmitate—The Grignard reagent, prepared 
from 11 gm. of d-1-bromo-5-methylheptane and 3 gm. of magnesium in 
80 ec. of ether, was added through a dropping funnel to a stirred solution 
of 10.5 gm. of 8-carbomethoxyoctanal-! in ether under dry nitrogen at 0°. 
The aldehyde ester had been extracted with dilute potassium hydroxide 
and freshly redistilled before use. Stirring was continued until hindered 
by the deposit of a tenacious white gummy precipitate. The mixture was 
allowed to stand 2 hours, and then decomposed with ammonium chloride 
solution, washed, dried, and distilled through a small Widmer column. 
Since the hydroxy ester was a mixture of diasterioisomers, it was not 
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further purified, b.p. 173-175° at 1.5 mm., dj° 0.920, n® 1.4512, yield 
5.2 gm. 
CysH yO; (300). Calculated, C 72.0, H 12.0; found, C 71.6, H 11.9 


Methyl-d-14-methylpalmitate—To 5.2 gm. of the above hydroxy ester 
was gradually added 0.85 cc. of redistilled phosphorus tribromide at 0°. 
After standing for $ hour the mixture was heated on the steam bath for 
4 hour, decomposed with cold water, and extracted with ether. The 
washed ether solution was evaporated and the residue, which was not 
distillable under ordinary conditions, was allowed to stand for 12 hours 
with 9 gm. of potassium hydroxide in 45 cc. of 95 per cent alcohol, and 
then refluxed for 3 hours. The solution was then concentrated in vacuo, 
diluted with water, acidified, and extracted with petroleum ether. The 
crude unsaturated acids that were obtained from the petroleum ether 


TaBLe II 
Distillation of Crude Methyl-d-14-methylpalmitate, Pressure 1.8 Mm. 























| 


. — : re 
Fraction No. a | a Rd al | B.p. Volume | inde, at 
c. °C. c. C. cc. 
1 | 145 102 108 | 108 0.2 
2 | 160 136 «6©|~—«(140 146 0.1 
3 | 165 | mo | 142 156 0.1 | 1.4339 
4 | 164 140 143 156 | 0.3 1. 4330 
5 | 165 141 144 156 0.9 1.4334 
6 | 169 | 145 144 156-160 0.4 1.4340 
0.2 | 1.4353 


7 170-210 | 150 168 


extract by evaporation were dissolved in 15 cc. of dry methanol and 
hydrogenated at 30 pounds pressure with platinum oxide catalyst. With- 
out isolating the reduced acids, the filtered solution was diluted with an 
additional 85 cc. of dry methanol containing 3 cc. of concentrated sulfuric 
acid and refluxed for 3 hours. From this solution there was obtained, 
after concentration in vacuo and extraction of the diluted residue with 
petroleum ether, 3.7 gm. of crude saturated methyl ester. This material 
was carefully distilled through a small fractionating column of a type 
previously described (19) but equipped with a vacuum jacket and thermo- 
couples. The distillation is summarized in Table II. The boiling point 
of the main fraction was 156° at 1.8mm. Weitkamp reported 156° at 
1.9 mm. for the natural product. 

Optical Rotation—In homogeneous substance in a 1 dm. tube, al! = 
+3.90°, di’ 0.868, [a]s’ = +4.49°. 


CysHyO, (284). Calculated, C 76.05, H 12.68; found, C 75.85, H 12.57 
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d-14-Methylpalmitic Acid—0.9 gm. of the methyl ester was heated on 
the steam bath with 2 gm. of KOH in 8 cc. of 80 per cent alcohol for 1 
hour. The alcohol was partially removed in vacuo and the residue diluted 
with water and extracted with ether to remove any neutral material. 
The solution was then acidified and extracted with petroleum ether. 
There was obtained from the washed and dried petroleum ether solution 
on evaporation 0.85 gm. of acid, which deposited flat needle crystals and 
then set to a solid crystalline mass. In order to remove traces of solvent 
the free acid was distilled in a small molecular still at 0.1 mm. pressure. 
The acid melted at 36.0-36.8°. 

Optical Rotation—0.4248 gm. diluted to 3.0 cc. in acetone, a” = +0.73° 
in a 1 dm. tube, [a]” = +5.16°. 


CywHyO, (270). Calculated, C 75.55, H 12.59; found, C 75.49, H 12.60 


The rotation of a sample of the natural acids, provided by Dr. Weitkamp, 
was determined in the same manner, 0.49906 gm. in 3.0 cc. of acetone, 
at = +0.87°, [a]? = +5.23°. There was no significant depression in the 
mixed melting point of the synthetic and natural acid. 

Amide of d-14-Methylpalmitic Acid—0.1 gm. of the acid was heated 
with 2 cc. of pure thionyl chloride on the steam bath for 1 hour in a dry, 
all glass system. ‘The excess thionyl chloride was removed in vacuo and 
10 ce. of concentrated ammonium hydroxide were added to the straw- 
colored residue and allowed to stand for 1 hour. The crude amide was 
filtered and recrystallized from 90 per cent methanol from which it was 
obtained in radiating clusters of needles, m.p. 88-89.5°. The amide 
prepared in the same manner from a sample of the natural acid melted 
sharply at 90.6°, mixed m.p. 89.2-89.4°. X-ray diffraction photographs 
were taken of specimens of the amides which had been melted between 
1 em. glass cover-slips and allowed to cool slowly from one end. Both 
specimens yielded the first, third, and fifth orders of an identical long 
spacing, 32.8 + 0.3 A. The diffraction photograph from the amide of 
the synthetic acid was more diffuse than that of the natural product, and 
the intensities fell off more rapidly, indicating in agreement with the melting 
point behavior that the slight observed differences were due to traces of 
impurities, but that the substances were otherwise identical. 


Cy;HyON (269). Calculated, N 5.21; found, N 5.26 (Kjeldahl) 
It is a pleasure to acknowledge the suggestions of Dr. Philip G. Stevens. 


SUMMARY 


1, d-14-Methylpalmitic acid has been synthesized, starting from the 
d-2-methylbutanol-1 of fusel oil. 
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2. The synthetic acid is identical with the natural acid isolated from 


wool. 


ac 


3. The proposed structure and configuration of the so called anteise 


ids of wool fat are thus confirmed. 
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THE INFLUENCE OF INSULIN AND EPINEPHRINE UPON SOME 
PHOSPHORUS FRACTIONS OF THE BLOOD* 


By LOUISE HARRIS WEISSBERGER 


(From the Department of Vital Economics, School of Medicine and Dentistry, The 
University of Rochester, Rochester, New York) 


(Received for publication, May 14, 1945) 


The relationships existing between the hormones regulating carbohy- 
drate metabolism and the phosphorus compounds involved in carbo- 
hydrate metabolism are gradually becoming elucidated. We have studied 
the effect of the administration of insulin, epinephrine, and glucose to intact 
guinea pigs upon the inorganic, total acid-soluble, and barium-soluble 
alcohol-insoluble phosphorus of the blood, with labeled phosphate. In 
no case did the injection of any of these substances bring about a significant 
change in the specific activity of these phosphorus fractions. 


EXPERIMENTAL 


Guinea pigs (885 to 550 gm.), which had been fasted 8 to 15 hours, 
received a single intraperitoneal injection of NagHPO,* (400,000 to 1,500,000 
counts per minute on our scale-of-four Geiger-Miiller counters) at intervals 
ranging from } to 48 hours before a blood sample was taken by cardiac 
puncture. Ether anesthesia was not satisfactory, since the animals 
struggled and there was a transitory rise in the blood sugar level from 123 
mg. per cent to 130 to 155 mg. per cent. Urethane with dial, injected 30 
minutes before the puncture, induced deep anesthesia without a change 
in blood sugar; dial anesthesia of longer duration (2 to 4 hours) caused a 
drop in blood sugar from 123 to 103 mg. per cent. The specific activity of 
the barium-soluble phosphorus, precipitated with alcohol, was the same 
in the ether and dial series. 

In thirty-two animals, 0.5 to 1.0 1.v. of insulin per 100 gm. of body 
weight injected 90 minutes before the puncture caused an average de- 
crease in the blood sugar level from 123 + 0.8 to 52 + 16.5 mg. per cent. 
The epinephrine-treated animals received 0.03 mg. of Parke, Davis adren- 
alin chloride per 100 gm. of body weight 60 to 90 minutes before the blood 
was sampled. In a series of twenty-one animals the blood sugar rose to 
an average value of 167 + 14.9 mg. per cent. Only the data from animals 
which responded to hormone treatment by a significant change in blood 
sugar have been included in the results. 

* This work was supported by a grant from the John and Mary R. Markle Founda- 
tion. 
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Aliquots of oxalated blood were used for the determination of the blood 
sugar by the Somogyi modification of the method of Shaffer and Somogyi 
(1). The inorganic phosphate was isolated as the strychnine phospho- 
molybdate from a 5 per cent trichloroacetic acid extract of 1 to 2 ce. of 
blood; the radioactivity was measured and the phosphorus content de- 
termined by the method of Tisdall adapted to the photoelectric colorimeter 
(2). The strychnine method was preferable to the precipitation of Mg- 
NH,PO, because of the small amount of blood available. The strychnine 
precipitate probably contained small amounts of phosphorus derived from 
the hydrolysis of the labile phosphate esters. The procedure was carried 
out in the cold as rapidly as possible. 

Another aliquot of the 5 per cent trichloroacetic acid extract was used 
for the measurement of the radioactivity and phosphorus content of the 
total acid-soluble phosphorus (3). The results for inorganic and total 
acid-soluble phosphorus have been expressed as specific activity, the per 
cent of the original dose of P* per mg. of phosphorus (4). 

The procedure of Cori and Cori (5) for the isolation of hexose mono- 
phosphate from muscle was used for the precipitation of the barium- 
soluble, alcohol-soluble phosphorus from blood. This fraction will be 
referred to as the alcohol precipitate, A. P. According to Cori’s and our 
own experiments, the final alcohol precipitate is contaminated with small 
amounts of inorganic phosphorus, which in our own case were highly 
radioactive. Therefore, non-radioactive phosphate was twice added to 
the barium-soluble extract and removed with Ba(OH). before the addition 
of aleohol. In control experiments, non-radioactive hexose monophosphate 
was added to artificial trichloroacetic acid extracts of blood which con- 
tained inorganic phosphate in the approximate concentration and radio- 
activity of our blood extracts. Without dilution of the inorganic phosphate, 
2 to 3 per cent of the inorganic phosphate accompanied the hexose mono- 
phosphate isolated from these extracts; in a group of our short term ex- 
periments, this contamination would have accounted for roughly 15 to 50 
per cent of the P* of the hexose monophosphate fraction. After dilution 
of the inorganic phosphate, the alcohol precipitate contained no P*. The 
radioactive alcohol precipitate isolated from guinea pig blood was added 
to the trichloroacetic acid extract of blood from animals which had not 
received P*; no P* was detectable in the inorganic phosphate isolated from 
these preparations. This indicates that we are probably dealing with 
contamination rather than an exchange occurring during the course of 
the isolation. The recovery of hexose monophosphate, however, was 
considerably reduced by the dilution procedure. 

The extract containing the barium-soluble phosphorus was concentrated 
in vacuo to 5 cc. before addition of the alcohol. A ratio of water solution 
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to 95 per cent alcohol of 1:5 to 1:6 was found to be satisfactory. As it is 
not possible to isolate and analyze the A. P. in 1 day, the stability of hexose 
monophosphate and the A. P. of guinea pig blood was determined under a 
number of conditions. As judged by the sugar and phosphorus content, 
the barium-soluble extract can be kept in the ice box for 5 days without 
an appreciable change. Recovery was not affected by the length of time 
allowed for the alcohol precipitation (1 to 24 hours). The hydrochloric 
acid solution of the A. P. was stable in the cold for a week; some loss oc- 
curred upon reprecipitation with alcohol. 

The A. P. was dissolved in HCl and its radioactivity measured. Re- 
moval of the barium had no effect upon the radioactivity or sugar values. 
Reducing sugar was determined in duplicate (1), also inorganic and total 
phosphorus whenever there was sufficient material (3). Since the barium, 
phosphorus, and sugar content of the alcohol precipitate corresponded 
closely to that of barium hexose monophosphate, the alcohol precipitate 
was probably largely made up of hexose monophosphate. The values for 
radioactivity are expressed as specific activity (in this case, the per cent 
of the original dose of P* per gm. of reducing sugar of the alcohol precip- 
itate). 


Results 


The incorporation of P* into the A. P. of the blood was investigated at 
various times after the administration of labeled phosphate. P* appears 
rapidly in the blood A. P.; at 30 minutes, the earliest time investigated, 
the specific activity was considerable. The curve rises rapidly for the 
first 2 hours, reaches a maximum around 6 hours, and falls off gradually 
for the duration of the experiment, 48 hours. Since there is little difference 
among the 4, 6, and 12 hour average values (24.4, 26.0, and 25.3, respec- 
tively), there is no well defined maximum. 

Effect of Insulin, Epinephrine, and Glucose Administration—Injection 
of the hormones caused a reduction in the inorganic phosphorus content 
of the blood from a control level of 5.5 + 0.4 to 4.0 + 0.8 and 4.0 + 0.3 mg. 
per cent of P for the insulin and epinephrine series, respectively. Despite 
this decrease in amount, neither hormone caused a change in the specific 
activity of the inorganic phosphorus at any time after P* injection (Fig. 1). 
This is in accord with Kaplan and Greenberg’s finding for insulin 90 minutes 
after insulin and P* administration (6). 

Unlike Greenberg, we were not able to demonstrate a reduction in the 
specific activity of the total acid-soluble phosphorus after insulin treat- 
ment (Fig. 2). The turnover curves for the insulin and control groups were 
practically identical. The decrease in the total acid-soluble phosphorus 
content of the blood after insulin administration from 30.2 + 1.0 to 27.8 
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mg. per cent of P is not significant; a considerable part of the reduction 
can be accounted for by the decrease in inorganic phosphorus. 
Epinephrine did not influence the amount of A. P. isolated from the 
blood in a group of thirty-four guinea pigs; the mean value for the control 
animals was 5.0 + 0.5, and that of the epinephrine-treated animals was 
5.0 + 0.9 mg. of reducing sugar isolated as A. P. per 100 ce. of blood. 
The corresponding value for the insulin-treated group (twenty-three 
animals) was somewhat greater (6.1 + 0.5 mg. of sugar per 100 cc. of blood). 
Since the recovery of barium hexose monophosphate was considerably 


reduced in these experiments by the dilution procedure, these results 
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>), and epinephrine-treated animals (X). The specific activity is the per cent of 
the dose of P* per mg. of inorganic phosphorus isolated from the blood at various 
times after P* injection. 

Fic. 2. Mean specific activity of control animals (@), and insulin-treated animals 
(O). The specific activity is the per cent of the dose of P* per mg. of total acid- 
soluble phosphorus of the blood measured at various times after P* injection. 
would serve only to indicate a trend. Therefore, despite the statistical 
insignificance of the difference in values, insulin probably causes an in- 
crease in the A. P. content of the blood. 

The effect of insulin on the specific activity of the blood A. P. was studied 
at a number of times after P* injection in order that we might compare the 
turnover curves of the control and insulin-treated groups. The results 
are summarized in Table I. At 1, 2,and 3 hours, when the uptake of P* 
by the A. P. is rapid, there is no difference in the specific activity of this 
fraction of the blood in the control and treated animals. ‘This confirms 
the work of Kaplan and Greenberg who showed that insulin did not in- 
fluence the specifie activity of the barium-soluble phosphorus of the blood 
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of the rabbit at 90 minutes after injection of P* and insulin (6). Nor is 
there a significant difference at 12 hours, when the contrel curve was close 
to its maximum, or at 18 hours, when the curve is falling off. 

Likewise, there was no difference between the specific activity of the 
A. P. of the epinephrine-treated and control animals at 3, 6, 18, and 24 


TABLE | 
Specific Activily* of Alcohol Precipitate of Blood 


Controls Insulin-treated Adrenalin-treated 
Time , ; , ee kee 
No. of Specific No. of Specific No. of Specific 
animals activity animals activity animals | activity 
hrs. 
} 2 8.44 0.8 
l t 12.44 1.2} t 14.1+1.1 
2 8S |19.444.4| 10 20.1 + 1.9 | 
3 4 | 18.1 + 2.3 2 19.0+1.9 | 4 | 16.6 + 1.2 
. | 3 Tseisa te | | 
6 5 26.0 + 3.0 4 25.0 + 5.2 
12 3 25.3 + 1.9 2 23.44 1.6 | 
18 9 22.524 1.1 4 20.9 + 3.2 4 21.9 + 2.2 
24 t 21.8+1.8 4 20.5 + 1.2 


| 
| 


*Per cent of the dose of P* per gm. of reducing sugar of the alcohol precipitate. 


TABLE II 
Time of Epinephrine Injection and Specific Activity* of Alcdhol Precipitate 


et ~~ No. of animals Specific activity 
= hrs. : j 5 4 
0 4 21.8 + 1.8 
2 1 23.4 
l 4 20.5 + 1.2t 
2 2 21.7 + 0.1T 
] 2 23.5 + 0.1f 
$ 2 21.5 + 0.9 


er cent of the dose of P* per gm. of reducing sugar of the alcohol precipitate. 
t The average includes values which were corrected for a discrepancy in the P* 
decay curve. 


o 


hours after P* injection. Cori and Cori (7) found that epinephrine caused 
an accumulation of hexose monophosphate in rat muscle; this increase 
was apparent 15 minutes after injection, maximal around | hour, and it 
had disappeared by 4 hours. It was possible, therefore, that, although 
there was no effect at the time selected for the administration of epineph- 
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rine (60 to 90 minutes prior to the puncture), a change might be detect- 
able at other times. Animals, which received P* 24 hours before the blood 
was sampled, were given epinephrine at times ranging from } to 4 hours 
before the puncture (Table II). At none of these times was there a differ- 
ence in the specific activity of the blood A. P. attributable to the hormone, 

The effect of glucose, given orally or parenterally, alone or in conjunction 
with insulin on the specific activity of the A. P. was investigated in a group 
of animals which received P* 2 hours before the blood sample was taken. 
The values for the glucose-treated animals (17.8 to 22.2) fell within the 
range of values for the corresponding control and insulin-treated groups. 

None of the procedures employed, administration of insulin, epinephrine, 
glucose alone or in conjunction with insulin, influenced the specific activity 
of the A. P. of the blood. 


DISCUSSION 


The investigation of the influence of insulin and epinephrine on the 
phosphorus compounds of the blood has been complicated by the similar 
results obtained with the two antagonistic hormones. In the intact 
animal, both hormones cause a reduction in the amount of inorganic 
phosphorus in the blood and an accumulation of hexose monophosphate 
in the muscle. The decrease in blood inorganic phosphorus is attributable 
to insulin, since it does not occur in the depancreatized dog treated with 
epinephrine (8). The accumulation of hexose monophosphate in muscle 
is attributable to epinephrine, since it does not occur in the adrenal- 
ectomized animal treated with insulin (7). In the normal animal it is 
difficult to differentiate between insulin and epinephrine action in these 
respects, as hyperglycemia appears to cause a stimulation of the pancreas 
and hypoglycemia a stimulation of the adrenals. 

In our experiments both hormones cause a reduction in the blood inor- 
ganic phosphorus (the decrease was of the same magnitude, 1.5 mg. per 
cent of P for both insulin and epinephrine) without a change in specific 
activity. 

Neither insulin, epinephrine, nor glucose influenced the specific activity 
of the blood hexose monophosphate. Kaplan and Greenberg (6) have 
shown that insulin results in an accumulation of hexose monophosphate 
in the blood; our results indicate a trend in the same direction with insulin, 
but not with epinephrine. In contrast to the blood picture, both hormones 
produce a rise in the amount of hexose monophosphate in the muscle and 
insulin causes an increase in the specific activity of the muscle hexose 


monophosphate (6, 7). 


The author wishes to express her appreciation to Dr. John R. Murlin 
and Dr. William Bale for their helpful advice and interest in this work. 
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The barium hexose monophosphate was supplied by Dr. H. O. L. Fischer 
of the Banting Institute. Radioactive phosphorus was furnished by Dr. 
G. Dessauer of the Department of Physics and Dr. Robley Evans of the 
Massachusetts Institute of Technology. We are indebted to Mr. B. Simms 
for maintenance of the Geiger-Miiller counters. 


SUMMARY 


1. The influence of insulin, epinephrine, and glucose administration 
upon several phosphorus fractions of the blood of intact guinea pigs has 
been investigated with labeled phosphate. 

2. The turnover curve for the barium-soluble, alcohol-insoluble phos- 
phorus was established. None of the procedures employed influenced the 
specific activity of this fraction. 

3. Both insulin and epinephrine caused a decrease in the amount of 
inorganic phosphorus without a change in specific activity. 

4. Neither the amount nor the specific activity of the total acid-soluble 
phosphorus was affected by insulin injection. 


BIBLIOGRAPHY 


. Somogyi, M., J. Biol. Chem., 117, 771 (1937). 

. Peters, J. P., and Van Slyke, D. D., Quantitative clinical chemistry, Methods, 
Baltimore, 873 (1932). 

. Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 66, 375 (1925). 

. Bale, W., Haven, F., and LeFevre, M., Rev. Scient. Instruments, 10, 193 (1939). 

. Cori, G. T., and Cori, C. F., J. Biol. Chem., 94, 561 (1931-32). 

. Kaplan, N. O., and Greenberg, D. M., Am. J. Physiol., 140, 598 (1944). 

. Cori, C. F., and Cori, G. T., J. Biol. Chem., 94, 581 (1931). 

. Soskin, S., Levine, R., and Hechter, O., Am. J. Physiol., 184, 40 (1941). 


_ 


to 


a oo me Ww 


on 














THE MECHANISM OF ACTION OF THE ANTIFATTY LIVER 
FACTOR OF THE PANCREAS 


ll. FREE METHIONINE PREVENTS FATTY LIVERS IN COMPLETELY 
DEPANCREATIZED DOGS MAINTAINED WITH INSULIN AND 
FED A LEAN MEAT DIET* 
By I. L. CHAIKOFF, C. ENTENMAN, anno M. LAURENCE MONTGOMERY 


(From the Divisions of Physiology (Berkeley) and Surgery (San Francisco), University 
of California Medical School) 


(Received for publication, July 9, 1945) 


The results of an earlier investigation demonstrated that complete 
excision of the pancreas or, more specifically, loss of the external secretion 
of the pancreas profoundly affects choline metabolism (1). In the absence 
of the external secretion of the pancreas there occurs a reduction in the 
concentration of plasma or circulating choline. Depletion of choline 
stores in the body would, therefore, appear to provide a reasonable ex- 
planation for the development of fatty livers in such animals. This view 
is in keeping with the observation that it required the addition to the diet 
of at least 35 mg. of free choline per kilo of body weight per day to prevent 
the development of fatty livers in dogs deprived of their pancreas but kept 
alive with insulin (2). 

In seeking to interpret these findings we are confronted at the outset with 
the fact that the development of the syndrome involving fatty liver and 
depletion of circulating choline in the dog deprived of the external secretion 
of the pancreas is not dependent upon a lack of methyl donors in the diet. 
This syndrome appeared in dogs that were fed 500 gm. of lean meat per day; 
this contains about 0.5 gm. of choline and 3 gm. of methionine, an amount 
of lipotropic substances that is more than sufficient for prevention of fatty 
livers in normal dogs. Interestingly enough, this amount of lean meat is also 
sufficient to prevent the development of fatty livers in completely depancreatized 
dogs, provided they ingest once daily 60 mg. of Fraction 27C derived from 
raw pancreas (3). 

The above considerations suggest that in the dog deprived of the external 
secretion of the pancreas there is an interference either in the mechanism 
by which bound choline and methionine of the diet are made available for 
lipotropic purposes or in the synthesis of choline from methyl donors. 
Either interference could account for the decreased amounts of choline 
found in plasma. 

The present investigation bears on the question of synthesis of choline 
by the depancreatized dog maintained with insulin. 

* Aided by a grant from the Christine Breon Fund for Medical Research. 
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EXPERIMENTAL 


The five dogs used in this study were depancreatized and then fed 
twice daily a lean meat-sucrose diet supplemented with 50 gm. of pancreas 
per meal, as outlined in a previous paper (4). 1 week after pancreatectomy 
all dogs had recovered from the operation and had excellent appetites, 
The feeding of raw pancreas to all five dogs was then discontinued. During 
the next 20 weeks Dogs D515, D516, and D517 received respectively 1.05, 
1.3, and 1.5 gm. of dl-methionine with each meal. Dogs D526 and D532 
served as controls and hence received no supplements in their diets. At 
the end of this time the dogs were sacrificed, and their livers excised and 
analyzed for lipids in a manner already described (5). 


TaBLe I 
Liver Lipids of Depancreatized Dogs Fed dl-Methionine for 20 Weeks 


Period of observation 














Body weight | (21 weeks) after | Liver 
| pancreatectomy 
| ) Thal PE | :% =" : 278) Pe 
Des r3 ee Phospholipids 
No. ! 

Pre- | of | Fed Total -— 
opera- thic- Final | pan- | fatty Cho- _ 
| tive | pine creas; S ~ acids | line | fine. 
| feed- | & 5 iC Total} con- | con. 

| ing | B/ sis bo = 

— | wari @ — — aed me ae! as 

r= . ' er per per per 

| kg. | ag. kg. | wks. | wks. wl gm. | Ena | cont’ | cont cont 

Fed methio- | D515) 7.9| 7.5/5.5} 1 | 20 | 2.1 | 238! 3.0) 1.95 0.86) 1.09 
nine D516, 9.7/9.7) 9.1/ 1 | 20 | 2.6 | 412] 6.7) 1.67/ 0.70) 0.97 
D517) 6.9) 7.0 | 7.2 1 20 | 3.0 | 358 2.8 1.90) 1.21) 0.69 

Control D532) 10.5 7.6 l 312 | 22.0, 1.52) 0.72, 0.80 
D526) 8.6 6.0 . | 376 17.7, 1.47 0.63) 0.$4 


Results 

It was shown earlier that approximately 35 mg. per kilo of body weight 
per day comprised the minimum amount of choline required to prevent 
the infiltration of abnormal amounts of fat in the liver of the depancreatized 
dog fed a meat-sucrose diet (2). The amount of methionine added to the 
diets of the three depancreatized dogs (Table I) was based on this choline 
value. Dogs D515 and D516 were fed 260 mg. of methionine per day 
per kilo of initial body weight; this amount contained enough methyl for 
the synthesis of about twice the minimum effective dose of choline. The 
amount of methyl in the methionine-fed dog, No. D517, namely 430 mg. 
per kilo per day, was sufficient for the synthesis of approximately 3 times 
the minimum effective dose of choline. 
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The results recorded in Table I show that the enteral administration of 
methionine prevents the development of fatty livers in depancreatized 
dogs fed a lean meat-sucrose diet. The daily feedings of methionine were 
continued for 20 weeks, since it was found that a test period of 16 to 20 
weeks was necessary to determine whether a substance possessed antifatty 
liver activity in the depancreatized dog (4). 

It is of interest to note that two of the three dogs lost little or no weight 
during the 20 week period. The third dog (No. D515), however, lost 
about 30 per cent of its preoperative weight during the 5 months that it 
received methionine. 

In Dogs D515 and D516 the concentration of choline-containing phos- 
pholipids of the liver was somewhat lower than that usually found in 
normal livers. No significance, however, can be attached to this finding 
at the present time. 

DISCUSSION 

According to du Vigneaud et al., methionine prevents fatty infiltration in 
the liver by virtue of its labile methyl groups which the body uses for the 
synthesis of choline (6-8). These workers have furnished indisputable 
proof of the transfer of methyl groups from methionine to choline in the 
rat, rabbit, and man. The recent finding of McKibbin et al. that methio- 
nine is lipotropic in weanling pups (9) leaves no doubt that methionine is 
also a precursor of the methyl groups of choline in the dog. 

It is shown in the present investigation that the administration of 
methionine prevents the development of fatty livers in depancreatized 
dogs maintained with insulin and fed a lean meat diet. In view of the 
metabolic interrelations of choline and methionine discussed above, it is 
reasonable to conclude that the synthesis of choline from methionine also 
proceeds in the absence of the external secretion of the pancreas. 

It has been shown that pancreas fractions that contain the antifatty liver 
factor have a profound effect on choline metabolism. The fall in circu- 
lating choline that occurs in dogs deprived of the pancreas can be prevented 
by the addition to their diets of as little as 60 mg. of Fraction 27C (1). While 
the mechanism of this action is not clear at present, the results of this 
investigation, along with the earlier finding that ingested choline prevents 
fatty livers in depancreatized and duct-ligated dogs, serve to rule out the 
possibility that the antifatty liver factor of the pancreas is concerned with 
either of two phases of choline metabolism: its synthesis in the animal 
body and its action upon the liver as a lipotropic agent. 

Since the synthesis of choline from free methionine is not interfered 
with in the depancreatized dog maintained with insulin, the most plausible 
explanation of the action of the antifatty liver factor of the pancreas would 
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appear to be that it makes available for lipotropic purposes the bound 
methionine contained in dietary protein. The results presented here are 
therefore not inconsistent with the concept that the antifatty liver factor 
is enzymatic in nature. As a working hypothesis it may be considered that 
this factor is a proteolytic enzyme without +. hich ingested proteins cannot 
exert their lipotropic action. 


SUMMARY 


1. The development of fatty livers in the depancreatized dog maintained 
with insulin and fed a lean meat diet can be prevented by the addition of 


free methionine to the diet. 
2. An explanation of the action of the antifatty liver factor of the pan- 


creas is offered. 
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STUDIES ON VITAMIN B, CONJUGASE FROM 
CHICKEN PANCREAS* 


By VIRGINIA MIMSft ann MICHAEL LASKOWSKIt 


(From the Department of Physiological Chemistry, School of Medicine, University 
of Arkansas, Little Rock) 


(Received for publication, July 16, 1945) 


Recently Laskowski, Mims, and Day (1) described a method leading to 
the partial purification of the enzyme which produces the Streplococcus 
faecalis (S. lactis R) growth-stimulating factor from inactive precursor sub- 
stance in yeast. At about the same time Bird et al. (2) described an enzyme 
obtained from hog kidney which appears to catalyze the same reaction, and 
suggested vitamin B, conjugase as a provisional name for their enzyme. 

In order to avoid confusion by using several names for insufficiently 
defined enzymes, all of which are evaluated by the same or similar methods, 
it was decided to use in this paper the provisional name vitamin B, conju- 
gase and to specify the enzyme further by its origin. Therefore we refer to 
the enzyme described by Laskowski, Mims, and Day (1) as chicken pan- 
creas conjugase, to the enzyme described by Bird ef al. (2) as the hog 
kidney conjugase, and so on. It is not intended to imply that all these 
enzymes are identical. Chicken pancreas conjugase (1) showed an optimal 
pH between 7 and 8, hog kidney conjugase (2) at pH 4.5. Lemon and 
Totter (3) studied the kinetics of rat liver conjugase, chicken pancreas 
conjugase, and potato conjugase, and found the values for K, (Michaelis 
constant) to be 0.29, 3.0, and 38.0 respectively. 

Once the chemical structure of vitamin B, conjugate is known, it will be 
much easier to decide whether conjugases so widely distributed in nature 
are identical or not. At the present state of our knowledge it may be that 
conjugases differ not only in respect to the conditions of activity but also 
in respect to the mechanism of the reaction itself. 

It was previously found (1) that chicken pancreas conjugase was rather 
resistant to tryptic digestion. This finding suggested the revision of the 
previously described method of purification because it seemed logical to 
expect that autolysis of pancreas may increase the amount of enzyme ex- 
tracted and decrease the amount of inactive protein. This expectation 
was confirmed (4). 

* Research paper No. 566, Journal Series, University of Arkansas. Aided by a 
grant from the John and Mary R. Markle Foundation. 

t Present address, Research Laboratories, Oschner Clinic, New Orleans, Louisiana. 

t Present address, Department of Biochemistry, Marquette University School 
of Medicine, Milwaukee, Wisconsin. 
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The object of this paper is to present the improved method of preparation 
of chicken pancreas conjugase and to describe some properties of the puri- 
fied enzyme. 


Methods 


The methods of determination were the same as those described in the 
previous paper (1), except that in most of the experiments the concentrate 
of vitamin B, conjugate, kindly supplied by Dr. J.J. Pfiffner of Parke, Davis 
and Company, was used as a substrate. The product of the enzymic reac- 
tion was tested microbiologically with Streptococcus faecalis, American Type 
Culture Collection No. 8043, and the results were compared with those 
obtained with pure vitamin B,, also kindly supplied by Dr. Pfiffner. 

In the previous paper (1) the product of the reaction was expressed in 
micrograms of Streptococcus lactis factor equivalent to micrograms of folie 
acid of the potency 40,000. Under the conditions employed it was found 
that 1 y of pure vitamin B, corresponded roughly to 4 y of folic acid. 
Concentration of substrate (vitamin B, conjugate) was always expressed 
in micrograms of free vitamin B, obtainable from the amount of substrate 
used. This value represented the maximal value obtainable after the 
completion of the enzymic reaction, carried out under the most favorable 
conditions with a huge excess of crude conjugase. 

In a few experiments designed for the investigation of other suspected 
products of the reaction, a substrate was prepared from Difco yeast extract 
as follows: 20 gm. of Difco yeast extract were dissolved in 20 cc. of water 
in a 250 cc. centrifuge tube. 150 cc. of aluminum picrate reagent (Buell 
(5)) were added and the mixture was left to stand overnight in the ice box. 
It was centrifuged, the precipitate was decomposed with morpholine, repre- 
cipitated with acetone (according to the directions of Buell (5)), and dried. 
In this step the yield was about 90 per cent, and the purification on a dry 
weight basis was 10-fold, which would be higher if corrected for the weight 
of aluminum. The dry aluminum salt was dissolved in about 70 ce. of cold 
0.2 n HCl, the pH was adjusted to 3.5 with NaOH, and the mixture was 
centrifuged. The precipitate was washed with acetone and dried. In the 
second step only a 2-fold purification was achieved and the yield was only 
about 60 per cent. The product thus obtained showed comparatively low 
reducing power when measured by the method of Hagedorn and Jensen (6) 
as modified by Robison and Morgan (7). 

Protein was determined by the method of Robinson and Hogden (8), and 
the potency of enzyme was expressed in units (see below) per mg. of protein. 


EXPERIMENTAL 


Preparation of Enzyme—The method of preparation which was finally 
adopted consisted of the following steps. 
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Autolysis—2 kilos of frozen chicken pancreas! were first ground in a meat 
grinder, and then in a mortar with sand. 2 volumes of 0.1 m phosphate 
buffer, pH 8, were added. The mixture was covered with toluene and left 
for 24 hours at 32° to autolyze; the pH of the mixture was frequently 
checked and readjusted to 8 by addition of NaOH. After 24 hours the mix- 
ture was centrifuged and the liquid collected. It contained about 70,000,- 
000 new units (see below); the potency was about 4000 units per mg. of 
protein. 

As a result of autolysis the amount of enzyme present in the crude 
extract was increased almost 1000 times. Apparently, however, autolysis 
with 2 volumes of buffer led only to about 80 per cent extraction, because 
when the small amount of autolyzed pancreas was treated with 100 volumes 
of buffer about 20 per cent more conjugase was found in the extract. As- 
suming the amount of protein in the fresh pancreas to be 20 per cent and the 
amount of conjugase 50,000,000 units per kilo, the potency of the fresh 
pancreas should have been 250. Autolysis resulted in only a 16-fold in- 
crease in potency. The actual increase in potency in this step must have 
been considerably higher, because both protein and polypeptides were 
measured as protein by the method used. This became apparent from the 
results obtained in the next step, in which a very large quantity of peptides 
was removed in the filtrate of 80 per cent saturated ammonium sulfate. 

Salting-Out with Ammonium Sulfate—The enzyme solution was treated 
with 30.2 gm. of ammonium sulfate per 100 cc. to make 40 per cent satura- 
tion; the pH was kept around 7 by addition of N NaOH. The heavy pre- 
cipitate was filtered off and discarded. To the filtrate 25.8 gm. of additional 
ammonium sulfate were added per 100 cc. to make 80 per cent saturation. 
A small brownish precipitate was filtered off in the cold and was placed, 
together with the filter paper, in a dialyzing bag. It was dialyzed overnight 
against a large volume of phosphate buffer at pH 8 in the cold. The 
dialyzed extract still contained about 75 per cent of the activity of the 
original pancreas and the potency was increased about 100 times. 

Precipitation with Alcohol-—The dialyzed enzyme, cooled in an ice bath, 
was treated with an equal volume of 95 per cent alcohol previously cooled, 
to —10°. The mixture was left in the ice bath for about 1 hour and was 
centrifuged in the cold. The precipitate was mixed with about 20 cc. of 
0.2 m buffer at pH 7.8 and the denatured protein was centrifuged off and 
disearded. The solution contained 40,000,000 units; the potency was 
500,000 units per mg. of protein. 

Second Precipitation with Ammonium Sulfate—The solution was treated 
with solid ammonium sulfate to make 40 per cent saturation, and a few 
drops of N NaOH were added to readjust to pH 7. The brownish precipi- 


‘Obtained from the Chester B. Franz Company, Mammoth Spring, Arkansas. 
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tate was centrifuged down and discarded. To the filtrate solid ammonium 
sulfate was added to make 80 per cent saturation. The precipitate was 
collected and was dissolved in a minimal amount of buffer (about 8 ec.), 
As a result of this treatment the potency was only slightly increased but 
most of the color was removed. 

Attempts to crystallize the enzyme by adding ammonium sulfate were 
not successful. Irregular needles were occasionally observed, mixed with a 
considerable amount of amorphous material. Recrystallization was un- 
successful. Table I summarizes the results of purification. 

Properties of Chicken Pancreas Conjugase—The enzyme obtained by the 
present method showed very high initial velocity when minute amounts 
of enzyme were tested with a considerable excess of substrate. It required, 
however, enormous amounts of enzyme to bring the reaction to completion. 
Several possible causes could have been responsible for this fact. A 


TaBLe I 


Summary of Potency and Yield of Enzyme after Various Steps in Purification Procedure 
with Use of New Units 




















Yield 
‘ ocedur Potency per mg. 
ee ‘ protemn From 2 kilos Per cent 
fresh tissue recovery 
new units new unils 
Sere, Fou a. eas ee. 250 
ac TEE de eo do ewe tlch blows 4,000 70,000,000 87 
After 40-80% (NH,):S80, pptn.............. 100,000 | 60,000,000 75 
ESSE ae 40,000 , 000 50 
After 2nd 40- oO (NH,).80,. + 1b) «6.40 4 2 os 700 , 000 20 ,000 , 000 25 





likely one appeared to be the absence of some of the components of the 
enzymic system in the purified preparation. During the previous work on 
purification of the enzyme it was noticed that after the treatment with 
calcium phosphate gel the total amount of units recovered was almost 
invariably higher than prior to the calcium treatment. It was thought 
that calcium might be one of the missing components of the system. This 
hypothesis was confirmed. The results are shown in Table II. The opti- 
mal concentration of calcium was found to be 0.01 mM, almost the limit of 
solubility in borate buffer. The effects of the addition of calcium on the 
time-activity curve are shown in Fig. 1. Addition of calcium not only 
increased the initial velocity of the reaction, but also shifted the apparent 
equilibrium considerably to the right. However, the amount of enzyme 
employed in this experiment (4 units) was not sufficient to bring the reac- 
tion to completion, even after the addition of calcium. 
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In the previous work (1) it was reported that dialysis against water 
resulted in a considerable loss of activity. This experiment was repeated 
and confirmed. However, when the dialyzed enzyme was tested in the 
presence of calcium the original activity was restored. 


Tase II 
Effect of Calcium on Conjugase 
Each tube contained 1 y of vitamin B, conjugate in 1 ec. of 0.2 m borate buffer, 


pH 7.8, and 1:100,000 dilution of enzyme, plus the different calcium chloride con- 
centrations. Incubated 1 hour at 32°. 





Added calcium chloride in reacting mixture | Vitamin B, produced 








M Y 


| 
No calcium added 0.05 











0.0001 0.05 
0.001 0.25 
0.01 0.50 

08 F- — 


WITH CALCIUM 





0.6 — © — 
° oO 
o 
* 04 _ 
0.2 on 


WITHOUT CALCIUM 


dial J J 
2 3 
TIME IN HOURS 














Fic. 1. Effect of calcium on the time-activity curve. Each tube contained 4 
units of conjugase, 1 y of vitamin B, conjugate in 0.2 m borate buffer, total volume 1 


ec. Half of the tubes contained 0.01 m calcium chloride. Temperature of incubation 
32°. 


Fig. 1 shows also that the time of incubation previously chosen for the 
determination of activity should be changed, because under the conditions 
described the reaction is completed within 1 hour. Other optimal condi- 
tions of activity were reinvestigated. Table III shows the influence of 
temperature and Fig. 2 the influence of pH on the reaction. 
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A new unit is therefore proposed. It is defined as 10 times the amount 
of enzyme which produces 0.1 y of vitamin B, when incubated with 1 y 


Taste III 
Summary of Experiments upon Effect of Temperature on Conjugase Activity 
Each tube contained 1 y of vitamin B, conjugate in 1 cc. of 0.2 m borate buffer, 
pH 7.8, and 0.01 m CaCl, plus the enzyme. In each series the activity at 32° was 


taken as 100 per cent. 


Temperature Activity 
c. per cent 
18 12 
24 40 
32 100 
37 75 
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pH 
Fic. 2. Effect of pH on conjugase. Each tube contained 4 to 7 units of conjugase, 
1 y of vitamin B, conjugate, and 0.01 m CaCl, in buffer solution (acetate, phosphate, 
borate of appropriate pH), total volume 1 ce. Incubation 1 hour at 32°. The results 
were obtained in several series of experiments. The highest value in each series was 
considered 100, and the other values of the same series were expressed in per cent 


thereof. 


of vitamin B, conjugate during 1 hour at 32° in the presence of 0.01 M 
CaCl, in 0.2 m borate buffer, pH 7.8, total volume | ce. 
In order to determine the amounts of units in 1 ec. of the enzyme prepara- 
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tion it was necessary to use the technique of serial dilutions. An example 
is shown in Table IV. Units per ce. of the original enzyme solution were 
calculated from the greatest dilution in which not less than 0.1 y and not 
more than 0.3 y of vitamin B, were produced. 

From the results of Table IV and Fig. 1 it is obvious that, at the concen- 
tration of substrate of 1 y per ec., in spite of the addition of calcium the 
apparent equilibrium of the reaction lies close to 50 per cent of the substrate 
utilized. 20-fold amounts of enzyme of the second stage (after the first 
precipitation with (NH,4)2SO4) and 400-fold amounts of enzyme of the fourth 
stage (after the second fractionation with (NH,).SO,) failed to bring the 
reaction to completion. 


TABLE LV 
Determination of New Units 
Each tube contained 1 y of vitamin B, conjugate in 1 cc. of 0.2 m borate buffer, 


pH 7.8, and 0.01 m calcium chloride plus the different dilutions of enzyme. Incu- 
bated 1 hour at 32°. 


Vitamin B, produced 


First (NH,)2S0,! After alcohol | Second 


Dilution of enzyme during incubation 


After autolysis ppt. pptn. | (NH4)2SOx¢ ppt. 
7 7 Y Y 

Control, boiled, 1:50,000 a 0 0 0 0 
Experimental, 1:50,000 0.6 | 0.5 0.5 0.5 
1: 200,000 0.1 | 0.5 0.5) 0.6 
1:1,000,000.. 0 0.5 0.5) 0.5 
1:5,000,000.. 0 0.3) 0.4 0.5 
1:20,000,000. . 0 0 0.2) 0.3 

1:100,000,000. .. 0 0 | 0 0 

units per cc. units per cc. | wnmits perce. | wumnits per cc. 


20,000 | 1,500,000 | 4,000,000 | 6,000,000 
| | 


One of the possible explanations of this finding may be the absence of 
another, not yet identified, component of the enzymic system. Several 
suspected substances were investigated but were found inactive. They 
were glutathione, cysteine, boiled blood plasma, digest of yeast nucleic 
acid by ribonuclease, digest of thymonucleic acid by thymonucleodepoly- 
merase, and liver extract. 

In a preliminary note (4) it was reported that purified preparations of 
conjugase were yellow, showing maximum absorption around 360 mp. A 
series of ten preparations was compared for the intensity of absorption at 
360 mu and for conjugase activity. No correlation could be established. 
It seems therefore likely that the enzyme is colorless and that the yellow 
component represented an impurity. 
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Attempts to Identify Enzyme—Several attempts to identify the enzyme 
have been made. Bird et al. (2) reported that hog kidney conjugase was 
not identical with kidney nucleosidase, acid phosphatase of almond or 
potato, alkaline phosphatase of small intestine, or 8-glucosidase of almond. 

Through the courtesy of Dr. G. Schmidt we were able to test his highly 
purified phosphatase (9) and found no conjugase activity in it, which con- 
firms the findings of Bird et al. (2). 

The purified preparations of chicken pancreas conjugase exhibited some 
lipolytic activity. However, when several subsequent stages of purifica- 
tion were compared for activities of conjugase and of lipase (according to 
the method of Willstatter et al. (10)), the results were far from being parallel 
(Table V). Attempts to show the liberation of the acidic groups from vita- 
min B, conjugate were also unsuccessful. The negative results of these 
experiments should not be interpreted as a definite proof that conjugase 


TaBLe V 
Comparison of Conjugase and Lipase Activity of Several Enzyme Preparations 





| arteenst 
Titration of Ratio ite? Ratio found 








Enzyme preparation Conjugase | fatty acids | | 

ce. unils cc. 0.2 Nn NaOH 

1 B 20,000 | 3.0 | 

l D (1:375) 20,000 | 0.0 | dill | 1:0:0 

1 E (1:2000) 20,000 | 0.0 | | 

2 A 4,000 a | 

1 B 2,00 | 27 0.2:1:10 | 0.5:1:0.15 
10 D (1:37.5) 200 , 000 | 0.4 | 














is not anesterase. It may be that different optimal conditions are required 
for activity on different substrates. It is also possible that minute 
quantities of acid were not detected. 

More encouraging results were obtained by comparing the conjugase 
activity of our enzyme with its activity in releasing reducing substances. 
In the first series of experiments the digest of purified commercial yeast 
nucleic acid with ribonuclease (prepared according to Kunitz (11)) was 
used as a substrate. A small increase of the reducing power was found 
invariably when such a digest was incubated with conjugase. The in- 
creased reducing power, however, accounted for not more than 1 per cent 
of the value to be expected, if all the ribose present were liberated. When 
several subsequent stages of purification of conjugase were tested for 
nucleosidase activity on this substrate, and compared with the conjugase 
activity determined on B, conjugate, both activities increased with the 
increasing purification, but no quantitative relationship could be estab- 


lished. 
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In another series of experiments the previously described nucleotide 
fraction from Difco yeast extract was used as a substrate. Several pre- 
liminary experiments were made in which the experimental tube contained 
substrate, enzyme, calcium chloride, and buffer. The control tube con- 
tained the same components except that the enzyme was previously boiled 
for5 minutes. Both tubes were incubated for the same length of time, and 
were analyzed for both vitamin B, and a reducing substance. In all cases 
the reducing substance and vitamin B, were higher in the experimental 
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Fie. 3. Comparison of rate of release of a reducing substance and of vitamin B,. 
The reaction mixture contained 400 mg. of ‘“‘nucleotide fraction obtained from Difco 
yeast extract”’ as a substrate, 1,000,000 new units of conjugase in 0.2 m borate buffer, 
pH 7.8, made 0.01 in respect to CaCl,, total volume 60cc. 10 cc.samples were with- 
drawn at 15 minute intervals. The reducing power is expressed in micrograms 
of glucose per cc., and the growth-stimulating substance in micrograms of vitamin 
B. per cc. 


tubes; however, the ratio between the two varied on different days from 
3 to 7 y of glucose per 1 y of vitamin B,. 

Fig. 3 shows an experiment in which the time-activity curve was run 
simultaneously for both reducing substance and vitamin B,. The result 
of this experiment indicated that both were liberated at the same rate. 

The reducing substance liberated in the course of this experiment could 
have been derived from substances other than vitamin B, conjugate. 
However, when one considers that the substrate was obtained by precipita- 
tion of nucleotides similar to adenylic acid (specificity of Buell reagent), 
it seems highly probable that both substances were liberated from com- 
pounds of similar structure, if not from the same. It is of course possible 





eee 


Ho RF 


“42 reer e 


¢ 





502 VITAMIN B, CONJUGASE 


that the reducing substance is not a sugar at all. This question could not 


be answered on the basis of our experiments, because neither isolation nor 
identification could be attempted with the amounts of substrate available, 

Experiments similar to those’ previously described, in which both activi- 
ties were compared at different time intervals, were made with vitamin B, 
conjugate as a substrate. The results are shown in Fig. 4. This experi- 
ment differed from the previous time-activity experiments in that equilib- 
rium was not reached within | hour. This could have been due to the 
large volume of liquid used in this experiment (120 cc. instead of 1 ce.) 
which slowed down the adjustment to temperature in the air incubator. 
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Fic. 4. Comparison of the rate of release of a reducing substance and of vitamin 
B.. The reaction mixture contained 480 y of vitamin B,. conjugate as a substrate, 
1,000,000 new units of conjugase in 0.2 m borate buffer, pH 7.8, made 0.01 m with 
respect to CaC]., total volume 120 cc. 20 cc. samples were withdrawn at the intervals 
The reducing power is expressed in micrograms of glucose per cc., and the 


shown. 
growth-stimulating substance in micrograms of vitamin B.. per cc. 


In spite of the slower reaction the rate of liberation of reducing substance 
paralleled the liberation of vitamin B,. 

One experiment was made on crystalline Lactobacillus casei factor, kindly 
sent to this department by Dr. Stokstad of the Lederle Laboratories, Ine. 
Only 0.5 y of reducing substance expressed as glucose was liberated in 
this experiment per 1 y of the growth-stimulating factor measured as 
vitamin B.. 

SUMMARY 
An improved method of preparation of chicken pancreas conjugase is 


described. The method consists of 24 hours autolysis at pH 8 at 32°, 











ae ee a lCUM)hCCUct 


10 





min 
ate, 
rith 
vals 
the 


nce 


ly 
ne. 

in 
as 


e is 


32°, 





V. MIMS AND M. LASKOWSKI 503 


fractional precipitation with ammonium sulfate between 40 and 80 per cent 
saturation at pIl 7, precipitation with aleohol, and a second fractionation 
with ammonium sulfate. 

The presence of calcium was found to activate chicken pancreas conju- 
gase, the optimal concentration being 0.01 m. Optimal pH and tempera- 
ture were found to be 7.8 and 32° respectively. 

A new unit of conjugase is proposed as 10 times the amount of enzyme 
which produces 0.1 y of vitamin B, when incubated with 1 y of vitamin B. 
conjugate for | hour at 32° in the presence of 0.01 mM CaCl. in 0.2 m borate 
buffer, pH 7.8, total volume | cc. 

Increase of reducing power was observed as a result of incubation of the 
conjugase with several different substrates and was found to parallel the 
release of vitamin B,, but no decisive evidence was accumulated to show 
that this was due to a release of a sugar. 
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THE EFFECT OF DIETARY PROTEINS AND AMINO ACIDS 
ON LIVER FAT 
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(From the Banting and Best Department of Medical Research, University of Toronto, 
Toronto, Canada) 


(Received for publication, April 30, 1945) 


The recognition of protein as a dietary factor affecting the outcome of 
investigations involving lipotropic substances (1-5) and the subsequent 
discovery that cystine (6) and methionine (7) exert marked effects on the 
level of liver fat in rats on low choline diets occasioned several attempts to 
determine whether these two amino acids alone were involved or whether 
others were also concerned in the phenomenon. Best and Ridout (8) and 
Channon, Manifold, and Platt (9) reported that dietary casein exerts a 
distinctly stronger lipotropic effect than does the methionine and cystine 
contained in it (suggesting the presence in protein of other active constitu- 
ents), but Tucker, Treadwell, and Eckstein (10) found just the opposite. 
2 years later Treadwell, Groothuis, and Eckstein (11) published further 
experimental data indicating that the free amino acids were more effective 
in reducing liver fat than were similar quantities fed as casein. The 
lipotropic effect of protein and amino acids is discussed briefly in a review 
(12) published shortly after the appearance of the paper of Treadwell 
et al., but at that time no explanation could be offered for these conflicting 
conclusions. 

The data in Table I reveal at least five apparently small, but possibly 
highly significant differences between the conditions used by Best and Rid- 
out and by Tucker et al. It was considered desirable to reinvestigate the 
matter (a) with a constant nutritional background, (b) at different levels 
of dietary casein, and (c) to equalize the total nitrogen intake of the rats 
on the two series of diets (i.e., those containing casein and those containing 
corresponding amounts of methionine and cystine as free amino acids) 
by adding to the diets of the latter group a protein known to produce little, 
if any, lipotropic effect. Gelatin appeared to be suitable for this purpose 
(3, 13, 14). Further, in order that the diets under comparison might be 
more nearly alike, it was proposed (d) to add essential amino acids to those 
of a second group of animals on the diets containing methionine plus gelatin 
to correct the known deficiencies of these rations. This was considered 
important, since a preliminary study, suggested by consideration of the 
data in Table I, had shown that methionine exerts a markedly greater 
lipotropic effect in the absence (or deficiency) of certain of the essential 
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amino acids than in their presence (14). Finally, the age of the rat has 
been shown to influence strongly the deposition of fat in the liver under 
certain conditions (14-16). This factor differed in the studies mentioned 
above but was kept constant in the present investigation. 


EXPERIMENTAL 
Fourteen test diets (Series 1 to 5, Table II) were prepared, in each of 
which the total protein was 35 per cent.' Four diets (Series 6), containing 
10 per cent protein, and a control diet containing 40 per cent of gelatin, were 


TABLE I 


Comparison of Experimental Conditions Used in Previous Attempts lo Account for 
Lipotropic Action of Casein 


Best ef al. Eckstein ef al. 
Basal protein Beef muscle powder, | Casein, 5% 
5%* 
Supplements compared Diet A | Casein, 30% Casein, 15% 
‘* B | Methionine, 0.96% | Methionine, 0.465% 
Cystine, 0.10% Cystine, 0.051% 
Daily food consumption 8.5 gm. Not given 
(assume 8.5 gm.) 
‘* N intake ‘“* A | 476 mg. 272 mg. 
7 ae es 
Essential amino acids * A | Abundant Adequate 
‘* B | Grossly inadequate | Grossly inadequate 
Weight of rats, gm. 200 100-120 


*This beef muscle powder, which contained 2.90 per cent methionine and 0.89 
per cent cystine, contributed 145 mg. and 44.5 mg., respectively, of these amino acids 
per 100 gm. to both Diets A and B. 


subsequently added. Diet A in each series contained the amount of casein 
shown in Table II. Diet B in each series contained exactly the same 
total quantities of methionine and cystine as did the corresponding diets 
in Group A. The remainder of the nitrogenous moiety of the B diets was 
supplied by gelatin. Diet C in each series contained total methionine and 
cystine equivalent to that in Diets A and B, but included also supplements 
of those essential amino acids which are absent from or markedly deficient 
in gelatin, but are present in the casein-containing diets. 

The scope of the experiment necessitated a compromise in the attempt 
to balance the sulfur-free essential amino acids in the various diets because 

' Unpublished work of the authors had shown that in short term experiments the 


weight of young adult rats could be maintained on a high fat diet (fed ad libitum), 
the protein moiety of which was comprised of 10 per cent casein and 25 per cent gelatin. 
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of the excessive cost and current limited availability of the amino acids in- 
volved. Because 10 per cent of casein in such a diet prevented any weight 
loss when fed ad libitum, supplementary essential amino acids were added 
to the gelatin diets to make the total amount of each correspond with that 
in the diet (No. 1A) containing 10 per cent of casein. Additions of 
\(—)-tryptophane, /(+)-isoleucine, di-valine, and dl-threonine were made, 
since these are either absent from gelatin or present in quantities very much 
smaller than in casein. Probably some histidine and phenylalanine should 
have been included in the supplements, but at the time (1943) they were 


TaBLe II 
Supplements Used in Test Diets 
The supplements of casein and amino acids were added at the expense of an equal 
weight of gelatin. The amounts are given in per cent. 








Group A Group B Group C Group D 
Series No. 79s Le Bem ~,. ° . aoe ele aes Pee 
— . Essential : Essential 
ee) Mee nis Methi- a ; Methi- | «,.,; : 
| Casein ao | pete | a | Cystine | omit | poe | Cystine | aridet 
= = | —| = Pir pes i a ae 
1 10 0.194 0.045 0.223 | 0.046 | 2.84 
2 15 0.291 | 0.068 | 
3 20 | 0.387 | 0.091 | 0.417 0.092 2.84 | | | 
4 25 0.484 | 0.113 | 
5 35 | 0.677 | 0.158 0.707 | 0.160) 2.84 
6 


40 | 0.774 | 0.180 0.803 0.182 2.84 | 0.871 | 0.184 | 9.34 








* Labco casein (2.93 per cent methionine and 0.49 per cent cystine). 
t The essential amino acids added to the Group C diets were, in per cent of the 
diet, 1(—)-tryptophane 0.22, 1(+-)-isoleucine 0.30, dl-valine 1.58, dl-threonine 0.74. 

t The supplements used in Diet 6D, which was fed at a later date, were based on 
more recent data and therefore differ slightly from the ratios used in the Group C 
diets: /(—)-tryptophane 0.88, 1(+-)-isoleucine 1.20, dl-valine 5.14, and dl-threonine 
2.12 per cent, respectively. 


not available. Because the analytical figures reported from different lab- 
oratories often vary considerably, rather arbitrary decisions had to be made 
as to the values adopted. Table III shows the values chosen and gives an 
estimate of the amino acid composition of five of the diets used. In Diet 
6D not only were the methionine and cystine balanced exactly on Diet 6A, 
but the essential amino acid supplements were increased correspondingly, 
thus giving two casein levels (10 and 40 per cent) at which equivalence in 
this respect was approximated. 

The percentage composition of the basal diet (referred to in Table IV as 
Diet 0) was gelatin? 35, beef dripping 40, sucrose 18, salts 5 (McCollum 


* This gelatin contained 1.02 per cent methionine and 0.04 per cent cystine. 
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Salt Mixture 185 (38)), agar 2, cod liver oil concentrate*® 0.015. When 
Series 6 was later added, a new basal diet was required to control it. This 


Tasie III 
Amino Acids in Representative Diets 
Calculated in mg. per 100 gm. of the diet from data in the second and fourth 
columns and the supplements listed in Table II.* 





Composition assumed | 









































Diet No. 
Casein Gelatin 
Amino acid : — : 

| | siehnieemeathie | | Biblie- | | 

[reference No. —- 1A 1B iC | 6A 6D 

| ence No. 

| per cent| per cent | 
Glycine... ..| 0.5 | (17) 27.0 | (30) | 6800 | 9400 | 8610 | 200 | 7990 
Alanine........ | 5.5 | (18) 9.2 | (31) | 2850 | 3200 | 2930 | 2220 | 2720 
Serine.......... 7.5 | (19) 3.3 | (32) | 1580 | 1150 | 1050 | 3000 | 980 
Threonine........| 3.9 | (20) 1.4 | (33) | 740| 490 | 760 | 1560 | 1480 
Valine...........| 6.3} (21) 2.5 | (21) | 1260 | 870 | 1590 | 2520 | 3310 
Leucine..........| 9.3] (21) 3.3 | (21) | 1760 | 1150 | 1050 | 3720 | 980 
Isoleucine 6.1 | (21) 1.7 | (21) | 1040 | 590] 840 | 2440 | 1700 
Aspartic acid 6.7 | (22) | 3.4 | (34) | 1520 | 1180 | 1080 | 2680 | 1010 
Glutamic “ ....| 24.2 | (28) | 5.8 | (34) | 3870 | 2020 | 1850 | 9680 | 1720 
Arginine.........| 4.1 | (24) | 8.9 | (24) | 2640 | 3100 | 2840 | 1640 | 2640 
Histidine........| 2.4 | (25) | 0.9 | (25) | 470} 310} 290| 960} 270 
Lysine... af eae | (25) | 5.1 | (25) | 2000 | 1770 | 1620 | 2420 | 1510 
Cystine. 0.49) t | 0.04 ¢t | 57| 59 58 | 196 | 196 
Methionine......| 2.93) ¢ | 1.0] ¢ | 543| 542] 542| 1172 | 1167 
Phenylalanine....| 5.2 | (25) | 2.6/ (35) | 1170 | 900| 830 | 2080] 770 
Tyrosine........ | 6.4 | (26) 1 o | (4)| 6001 Of 0 | 2560| 0 
Tryptophane.....| 2.2 | (27) 0 | (4) | 220 0| 220) 380| 880 
Proline. ...... 3.0 | (28) | 17.5 | (36) | 5180 | wn | 5590 | 3200 | 5180 
Hydroxyproline. | O | (28), (29) | 14.7 | (37) | | 3680 | 5110 | 4690; 0 4350 








*For example, the methionine content of the dina is calculated as follows: in 
Diet 1A 293 mg. from 10 per cent casein plus 250 mg. from 25 per cent gelatin, 
totaling 543 mg.; in Diet 1B 348 mg. from 34.8 per cent gelatin plus 194 mg. in the 
supplement, totaling 542 mg.; in Diet 1C 319 mg. from 31.9 per cent gelatin plus 
223 mg. in the supplement, totaling 542 mg. 

t Unpublished analysis (J. M. R. B.). 


diet (referred to as Diet 7) contained gelatin 40 and sucrose 13, but was 
otherwise the same as Diet 0. 

The following B vitamins were injected subcutaneously daily in 0.5 ce. of 
physiological saline: 25 y of thiamine chloride, 20 y of pyridoxine, 20 y of 


* Obtained from Ayerst, McKenna and Harrison, Ltd., Montreal. It contains 
50,000 1.u. per gm. of vitamin D and 500,000 1.v. per gm. of vitamin A. 
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riboflavin, 100 y of calcium pantothenate, and 100 y of nicotinic acid. 
Supplements of casein (Labco, fat-free, vitamin-free), methionine, cystine, 
and essential amino acids were given at the expense of the gelatin, as de- 
scribed in Table II. All diets within each series were balanced exactly 
with respect to total methionine and cystine content. 

The major dry ingredients of the diets were mixed by hand and the minor 
ingredients were incorporated as follows: Each one was ground in a mortar 


Tasie IV 
Effect of Diets on Liver and Body Weights and on Liver Fat 


Fifteen rats were placed on each diet (except Diets 2A, 2B, 4A, and 4B, for which 
ten rats were used) for 21 days. 


























= , . Weight of Crude liver 
Diet No, | Titel Teieange "| Cretgst” | consumed | ™olat liver | fatty acide 
0 176 (145-209) —26.5 7.0 6.33 1.28 
1A 183 (116-213) —5.2 6.9 8.32 2.13 
1B 174 (117-215) —27.2 6.9 5.81 0.73 
1C 183 (126-226) —11.1 7.1 9.73 2.98 
2A 182 (117-198) —6.2 7.1 7.71 1.55 
2B 167 (139-230) —30.5 6.7 5.41 0.50 
3A 188 (123-202) —4.6 7.1 6.63 0.73 
3B 175 (138-236) —27.3 6.8 5.67 0.50 
3C | 185 (154-213) —14.1 7.0 6.74 1.11 
4A | 182 (127-198) —3.0 7.2 6.63 0.57 
4B | 164 (149-215) | —24.2 7.0 5.77 0.72 
5A 188 (127-207) | +1.3 7.7 7.13 0.51 
5B 175 (133-220) —%.7 | 7.4 5.72 0.57 
5C 184 (134-226) 75 | %3 6.83 0.80 
6A 178 (119-247) +9.3 | 6.9 7.24 0.48 
6B 176 (117-244) —29.2 6.6 5.38 0.40 
6C 181 (112-254) —7.6 6.4 6.94 0.78 
6D 183 (119-254) —15.6 5.7 6.10 0.59 
7 179 (107-235) —33.2 5.5 4.89 | 0.50 








with a small portion of the dry mixture and the resulting powder was sifted 
through a 40 mesh screen over the main bulk of the diet, which was then 
blended thoroughly. The cod liver oil concentrate (dissolved in petroleum 
ether) was sprayed over the dry ingredients and mixing was continued until 
the solvent had evaporated. The complete dry mixture was incorporated, 
with vigorous agitation, into the melted beef dripping, and stirring was 
continued until the mass solidified. The diets were freshly prepared at 
about 7 to 10 day intervals and were stored in closed containers in a 
refrigerator. 
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Groups of rats (usually fifteen) of the Wistar strain, weighing from 107 
to 254 gm., were placed on the test diets for 21 days. The rats in Groups 
A and C of each series were pair-fed with those of Group B in the same 
series. Group B was started 3 days ahead of the other groups and 3 day 
averages were used in determining the food to be given to Groups A and C, 
Usually an extra 0.5 gm. of the diet was offered daily to each of the pair-fed 
rats on Diets A and C to correct for the variable amount scattered. The 
actual average food consumptions are given in Table IV. If one of the 
control rats (Diet B) died, the corres, ading rats on Diets A and C were 
pair-fed with the rat of closest weight on Diet B. The animals were killed 
by a blow on the head. Total crude liver fatty acids were determined in 
the usual way by saponification, acidification, and extraction with petro- 
leum ether (b.p., 30-60°). For brevity the material so obtained is referred 
to in Table IV as liver fat. 


DISCUSSION 


Attempts to compare the previous studies (8-11, 16) are complicated not 
only by the difference in the nature of the basal protein used and the differ- 
ent quantities of extra casein added, but also by the different vitamin 
supplements given (e.g., Best and Ridout supplied only thiamine chloride 
(“adequate amounts’’), whereas Tucker et al. supplied the vitamin B com- 
plex as yeast tablets). The data here presented, covering the ranges of 
dietary casein used by the several groups of workers, offer a constant 
nutritional background with respect to total protein and vitamins, enabling 
comparisons to be made across the rows and down the columns of Table IL. 

Fig. 1 shows graphically all the values obtained by the analysis of the 
individual livers. The variation and the mode are easily seen by inspection, 
thus making possible a better assessment of the significance of any differ- 
ences between the mean values reported in Table IV. Four values which 
were far removed from the others in their respective groups are shown. 
The failure to join them by a solid line to the other points for the same group 
indicates that they were not used in calculating the averages given in Table 
IV. Fig. 2 depicts the mean values obtained for liver fat (total crude fatty 
acids plus sterols) on the several diets used and shows the relative lipotropie 
effects over the whole range studied. 

The liver fat values of the basal groups (Series 0 and 7) were unexpectedly 
low in view of the results of Best et al. (3) and of Beveridge ef al. (14), who 
found that gelatin, when fed at a level of 20 per cent, exerted no demon- 
strable lipotropic effect. It should be recalled that Series 0 to 5 was run 
at a different time from Series 6 and 7 and hence any comparisons between 
them must be made with reservations; nevertheless, the marked decrease 
in liver fat produced by increasing the dietary gelatin from 35 to 40 per cent 


is noteworthy. Although gelatin alone (at a 20 per cent dietary level) per- 
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Fia. 1. Total crude fatty acids in individual livers of rats on test diets 
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Fic. 2. Effect of various diets on liver fat (mean values for total crude 

fatty acids expressed as per cent of moist liver weight). Curve A shows the 

liver fat values obtained on diets containing 35 per cent of total protein (gelatin) 
with increasing quantities of casein. Curve B shows liver fats on corresponding 
diets containing the same total protein (supplied as gelatin) with quantities of 
methionine and cystine added to give exact equivalence at each abscissa. Curve 
C, same as Curve B, with supplements of essential amino acids, as described inthe 


‘ 


text. Point D, same as Curve C; see the text. 





mitted a large accumulation of fat in the liver, Channon et al. (13) have 
shown that increasing amounts of gelatin added to a diet containing 8 per 
cent of egg albumin exert a progressive but limited action in decreasing 
liver fat. 
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The results on the Group A diets confirm previous reports that increasing 
the casein content of high fat, low choline diets occasions a progressive 
decrease in the liver lipids. The decrease is most marked between casein 
levels of 10 and 20 per cent, but an effect is noted up to the 40 per cent level, 
although even this quantity of casein does not bring the liver fat down to 
normal on these diets. 

The average liver fat in the rats on the Group B diets is never very high, 
but the variation on any one diet is considerable, and there is no clear cut 
progressive decrease in liver fat with increasing dietary methionine, as is the 
case when comparable quantities of casein are fed (see Fig. 1). 

Comparison of the results in Groups A and B reveals that at the 10, 15, 
and 20 per cent casein levels free methionine causes a greater lowering of 
liver fat than does a corresponding amount fed in casein (confirming Tucker 
et al.), but that at 25 and 35 per cent casein levels the casein-containing diets 
produce the greater lipotropic effect (confirming Best and Ridout). The 
curves in Fig. 2, which intersect at about 22 per cent casein, indicate that 
at this level and again at about 40 per cent the lipotropic effects of the two 
types of diet are about equal. 

Although Diets A and B in each series were equalized as far as fat, total 
protein, and methionine and cystine were concerned, the diets of Group A 
contained reasonable quantities of the essential amino acids (supplied 
by the casein), while those of Group B lacked tryptophane entirely and 
were grossly deficient in valine, isoleucine, and threonine. When these 
defects were approximately corrected in Diets 1C and 6D and partially cor- 
rected in the other diets of Group C (in which the essential amino acids 
were kept constant throughout at levels approximately equivalent to those 
in the diet containing 10 per cent casein), the addition of increasing 
amounts of methionine lowered the liver fat progressively, based either on 
absolute weight of liver fat or on liver fat expressed as per cent of wet 
weight of the organ. The progressive decrease in liver fat with increasing 
amounts of the lipotropic factor, noted in the Group A diets but absent from 
those of Group B, is again clearly demonstrated in the Group C diets. 

Comparison of the results of feeding Diet C with those from Diet B of 
each series reveals that, when a ration lacking or deficient in essential 
amino acids is supplemented with the quantities of these considered neces- 
sary to maintain weight in rats, the lipotropic effects of these diets are mini- 
mized and in some cases obliterated.4 These results, confirming the find- 


‘Similar diets containing 10 per cent casein and 25 per cent gelatin, when fed ad 
libitum, sufficed to prevent loss in weight, as mentioned earlier (foot-note 1). Pos- 
sibly due to the restricted food intake, the animals on the Group C diets did not 
maintain their weight, but the extensive losses noted on the Group B diets were 
considerably reduced. 
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ings recently published by Beveridge et al. (14), emphasize the importance 
of the nutritional adequacy of diets used in comparative studies of the lipo- 
tropic factors. 

Increasing the quantity of the essential amino acids from those in a 10 
per cent casein diet to those in a 40 per cent casein diet did not affect the 
liver fat appreciably (compare Diets 6C and 6D, Fig. 1). 

Comparison of Curves A and C in Fig. 2 shows that all the groups that 
received the essential amino acids as supplements to the methionine plus 
gelatin diets had consistently higher liver fat levels than those on corre- 
sponding diets containing casein. These observations lead one to suspect 
that some lipotropic substance other than methionine occurs in casein, or 
that the synthetic amino acid preparations were antilipotropic, due either 
to the presence of some impurity or to the action of the unnatural forms of 
valine or threonine which were used. 

In connection with the first suggestion, it should be noted that in the diets 
containing casein (Group A) one amino acid is present which is absent from 
those of Groups B and C. This amino acid is tyrosine. It is of consider- 
able interest, therefore, to recall that Channon et al. and Beeston and Platt 
(9, 39) have suggested the possibility that tyrosine lowers liver lipids. 
More recently they have reported (40) that a diet containing methionine 
plus tyrosine gives a greater lipotropic effect than does either one alone. 
The evidence which they have presented is suggestive but not convincing. 
However, considering it in conjunction with the data here reported, there 
is obviously need for clarification of the point. It may be significant, in 
connection with the above diets, that casein contains a considerable amount 
of tyrosine, while the gelatin used in the basal ration has none. Experi- 
ments to examine the lipotropic action of tyrosine are being undertaken in 
this laboratory. 

Some support for the second possibility appeared in a paper by Albanese 
and Irby (41), who reported that on a certain diet containing only essential 
amino acids (supposedly in the proportions found in casein) as the source of 
nitrogen the growth of young rats was subnormal; the mixture was inferior 
to a comparable amount of casein, or of casein hydrolyzed by acid or by 
pancreatic enzymes. They believed there was some evidence that the 
nutritive inadequacy of the essential amino acid diet may be due, at least 
in part, to the effects of the unnatural forms of certain amino acids, the non- 
utilizable enantiomorphs of which were postulated to be toxic. However, 
Kinsey and Grant (42) in a similar study obtained good growth at almost 
the same dietary level of total amino acid mixture. Several differences are 
apparent in the diets used and one or more of these may be of importance 
to the problem in hand. The fat component of the basal diet of Albanese 
and Irby consisted of cod liver oil and Crisco, at levels of about 4.5 and 17.5 
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per cent respectively. Kinsey and Grant fed cod liver oil and corn oil at 
levels of 2.0 and 10.0 per cent respectively. The former workers fed brew- 
ers’ yeast; the latter supplied the B vitamins as pure compounds. Further, 
the ratios of the essential amino acids fed were quite different in the two 
cases, and it is possible that isoleucine was deficient in the diet used by 
Albanese and Irby. The more recent findings of Kinsey and Grant, con- 
firming Rose (43), seem to be stronger evidence for the non-toxicity of the 
unnatural enantiomorphs than does any evidence advanced in support of 
the idea of a toxic effect. There may be some imbalance of the essential 
amino acids in our diets, which like those of Albanese and Irby were 
designed to simulate the ratios in casein. Their diets, like ours, are high 
fat diets and, like ours, lack tyrosine, which may under these unusual 
dietary conditions be an important factor. The problems raised by the 
findings mentioned are of interest and will be investigated. 

Beveridge et al. (14) and Horning and Eckstein (16) have compared the 
lipotropic effects of free methionine and equivalent quantities fed as casein 
in both young and adult rats. They found that free methionine was almost 
equally effective in reducing liver fat in both age groups, but that casein (at 
the level fed) was lipotropic in the adult rats only. The probable explana- 
tion for these findings is that the amount of protein in the casein-supple- 
mented ration supplied enough methionine for maintenance of adult rats 
and left some over for lipotropic action, but in young rats the quantity of 
methionine required for growth left little or none for other purposes. 
However, the diets containing equivalent amounts of methionine (fed as 
free amino acid), being deficient in essential amino acids, did not permit as 
much growth in young rats and more methionine would thus be left for 
lipotropic action. This explanation (which is similar to one suggested 
originally by Griffith and Mulford (44), although theirs is stated in some- 
what more general terms) is supported by the data in the present paper as 
well as by those in several others (11, 14, 16) previously mentioned. 

The animals in the experiments here reported were pair-fed and were 
ingesting not only equal weights of food but equal quantities of protein (or 
amino acid) nitrogen; yet the casein-fed rats more or less retained their 
initial weight, or even gained, while those getting only the equivalent 
amount of methionine (and cystine) lost from 24 to 30 per cent in weight. 
The deficiencies of essential amino acids appear to have reduced the effi- 
ciency (and probably changed the character) of the protein metabolism in 
such a manner as to leave more dietary methionine free for lipotropic action. 
In other words, the total nitrogen intake and the adequacy (or inadequacy) 
of the sulfur-free essential amino acids both play a part in determining the 
amount of methionine used for general metabolic purposes (7.c., for growth 
or maintenance), and thus limit the amount available for lipotropic pur- 
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poses. However, even when the casein-containing and methionine-contain- 
ing diets were made as nearly identical as possible (ef. Diet 1A with Diet 
1C and Diet 6A with Diet 6D), there is still a difference in the lipotropic 
actions of the two diets, indicating the probable existence in casein of an 
unrecognized factor influencing the deposition of fat in the liver. 

The data in Table III may contain a clue as to the nature of this factor. 
The absence of tyrosine from all diets in Groups C and D has already been 
commented upon. It should be noted that in general the diets contain ade- 
quate amounts of the essential amino acids, as judged by Rose’s (45) tentative 
estimates of the minimal percentages required in a normal diet for optimal 
growth, viz., threonine 0.6, valine 0.7, leucine 0.9, isoleucine 0.5, arginine 
0.2, histidine 0.4, lysine 1.0, methionine 0.6, phenylalanine 0.7, and trypto- 
phane 0.2. In spite of the apparently satisfactory supply of these factors, 
maintenance of weight was achieved on only two of the diets, Nos. 5A and 
6A, containing 35 and 40 per cent respectively, of casein. The high fat 
content and absence of choline or the restricted food intake may be the 
cause of the weight losses on the majority of the diets, although some recent 
work suggests a deleterious effect of gelatin upon growth under somewhat 
similar conditions (46). 

The elegant investigations of Griffith and his collaborators must be men- 
tioned in connection with the explanation offered below for the findings 
reported in this communication. Griffith and Wade (15) demonstrated 
that a high fat diet is not necessary for the appearance of fatty livers and 
renal lesions in young rats and pointed out that the deposition of liver fat 
is “intensified on those diets permitting the better rates of growth.” In 
1940 Griffith and Wade (47) fed young rats on a series of low choline, high 
fat diets containing increasing quantities of casein and noted that the liver 
fat increased as the casein level was raised from 5 to 15 per cent; the inci- 
dence of renal lesions continued to increase as the casein level was raised to 
25 per cent. Both lesions then decreased in severity as the percentage of 
casein was further increased, clearly indicating that factors other than the 
methionine-cystine ratio are involved. Mulford and Griffith (48) showed 
that the ‘‘toxicity” or antilipotropic effect of added cystine decreases as the 
percentage of casein in the diet increases and disappears at 30 per cent. 
They also found that the ‘‘toxicity” of 0.5 per cent of added cystine in an 18 
per cent casein diet is proportional to the food intake, being absent at 2 
gm. per day and very severe at 4.6 to 4.9 gm. per day. As early as 1941 
Griffith (49) had drawn attention to the fact that the “toxic” effect of eys- 
tine is observed only on diets low in cystine and simultaneously low in 
choline or methionine (7.¢., those with a dual deficiency, presumably of 
organic sulfur compounds and of labile methyl groups). He also pointed 
out, as had others (9), that the eystine effect is not proportional to the level 
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of supplementary cystine. Once the sulfur deficiency has been made good, 
further additions of cystine are without effect. The cystine supplement, 
by improving growth and stimulating metabolism, brings to light defi- 
ciencies previously unrecognized in the diet. With regard to the apparent 
antilipotropic effect of cystine, Griffith and Mulford (44) have commented 
that “the deposition of liver fat or the appearance of renal hemorrhage in 
experiments in which a dietary supplement increases the consumption of 
food or the rate of growth is not necessarily evidence of a direct antagonism 
between choline and the dietary supplement.” 

Thus Griffith has consistently maintained that factors other than the 
methionine-cystine ratio are important in establishing the lipotropic activity 
of a diet, and of these other factors he attributes particular importance to 
the adequacy of the ration. 

Most of the facts presented in this report and in the papers referred to 
seem to be explained by a relatively simple hypothesis; viz., that the amount 
of dietary methionine available for lipotropic action is limited to that por- 
tion not utilized by metabolic processes of apparently higher priority, such 
as growth or maintenance. The amount required for these non-lipotropic 
activities is dependent upon the total protein intake and is further modified 
by the adequacy of the essential amino acids supplied in the diet. If the 
above hypothesis is accepted, it follows that the quantity of any protein fed 
and the nature and amount of the sulfur-free essential amino acids in the pro- 
tein, as well as its methionine and cystine content, will influence its lipo- 
tropic activity because of their effects upon growth and maintenance. 

The constant use of one protein (e.g., casein) in the basal diets may ob- 
secure the issue or delay the solution of the problem. It was therefore 
decided to conduct similar experiments with other proteins. Arachin, a 
globulin from peanuts, which is very low in methionine (50, 51) but other- 
wise adequate for growth (52), was selected. 

Recently a report (53) has appeared which describes the use of arachin 
in a study of the lipotropic effect of methionine. The data published do not 
answer all the questions in which we are interested, but they do agree with 
many of the facts presented here and support the hypothesis presented in 
this paper concerning the rdéle of the essential amino acids. 

While the data here reported may not resolve all the anomalies to be 
noted in previous attempts to explain the varying lipotropic effects of differ- 
ent proteins, they do account for some of the difficulties and point the way 
for further research. 


SUMMARY 


1. Discrepancies in previous attempts to account for the lipotropic effect 
of casein, by feeding to one group of rats a certain amount of this protein 
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and to another group corresponding amounts of methionine and cystine as 
free amino acids, are accounted for by the finding that different results are 
obtained at different dietary levels of casein: below 22 per cent the free 
amino acids exert the stronger effect; above 22 per cent, the casein diet is 
more lipotropic. 

2. The apparently superior lipotropic effect of free methionine over an 
equal quantity bownd in casein (at casein levels below 22 per cent) is obliter- 
ated when the quantities of the essential amino acids in the two diets under 
comparison are made approximately equal. Thus the lipotropic effect of a 
diet is determined not only by its content of sulfur-containing amino acids 
but also by its adequacy in other respects. 

3. The lipotropic activity of a protein is determined not only by its 
methionine and cystine contents, but also by the nature and quantity of the 
sulfur-free essential amino acids in the protein. These amino acids do not 
act directly, but through their well known influence on growth and main- 
tenance they influence the formation of new tissue, thus modifying the 
amount of methionine left available for lipotropic action. 

4. Some evidence is presented for the existence in casein of a lipotropie 
factor other than methionine. Indirect evidence suggests that tyrosine 
may be involved. 


The writers are deeply indebted to Professor C. H. Best for valuable 
criticism and advice during the preparation of the manuscript. The work 
was supported in part by a grant from the Banting Research Foundation 
to the Banting and Best Department of Medical Research. 
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RIBONUCLEINASE 


I. MANOMETRIC DETERMINATION OF RIBONUCLEINASE IN BLOOD 
AND TISSUES OF THE RAT AND THE RABBIT 


By CHARLES A. ZITTLE ann ELIZABETH H. READING 
(From The Biochemical Research Foundation, Newark, Delaware) 
(Received for publication, July 25, 1945) 


The great interest in the enzymes which promote the metabolic changes 
undergone by the nucleic acids arises from the obvious importance of the 
latter. For further knowledge of these enzymes convenient methods for 
their assay are desirable. Such a method has recently been developed by 
Bain and Rusch (1) for ribonucleinase, the enzyme which catalyzes the 
depolymerization of ribonucleic acid with the formation of mononucleo- 
tides (2). This method has been used in the present studies to assay the 
blood, blood cells, and plasma, and the spleen, pancreas, and bone marrow 
of rat and rabbit. Some of the factors affecting the reactivity of the 
substrate nucleic acid are pointed out. Solubility studies of the nucleic 
acid before and after being acted on by the enzyme in blood show that the 
nucleic acid has been depolymerized. 

Procedure 

Preparation of Ribonucleinase—The enzyme for standardizing the test 
was crystallized twice from ammonium sulfate by the method of Kunitz 
(3). A solution of the crystals was dialyzed free of ammonium sulfate and 
the concentration determined from the nitrogen content (3). The stock 
solution containing 1.90 mg. of enzyme per cc. was stored over chloroform 
at 7°. 

Preparation of Ribonucleic Acid—Several commercial brands of yeast 
nucleic acid were employed. They were purified before use by preparing 
a 10 per cent solution by neutralization with NaOH, clarifying if necessary 
by centrifugation or filtration, precipitating with 5 volumes of glacial acetic 
acid, and washing the precipitate successively with water, 70 per cent 
ethyl alcohol, 95 per cent alcohol, and ethyl ether. Nucleic acids purified 
in this manner were usually about twice as reactive with ribonucleinase as 
were the originals. Precipitation with acetic acid increases the activity 
of the nucleic acid by reducing the content of mononucleotides which have 
an inhibitory effect on ribonucleinase (4). In one instance a sample of 
nucleic acid was encountered which contained copper. The copper ac- 
companied the acetic acid precipitate and was concentrated to such an ex- 
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tent that it was noticeably inhibitory (4).!. Any sample of nucleic acid 
containing mononucleotides? whose activity is not improved by acetic acid 
precipitation should be examined for copper. 

Reactivity of Ribonucleinase and Ribonucleic Acid—The assay method 
(1) is based on the liberation of CO, from a bicarbonate solution by the 
acidic mononucleotides and intermediate products which are formed by the 
action of the enzyme (2). The components of the test system were the 
following: 1.0 cc. of 0.1 Mm NaHCOs, 140 to 185 mg. of nucleic acid in solu- 
tion at pH 7.5, and appropriate amounts of the crystalline enzyme or the 
material under test. The total volume of reactants was in most cases 3.5 
ec. The usual Warburg equipment was employed. The crystalline en- 
zyme or the nucleic acid was placed in the side arm of the flasks and the 
system thoroughly gassed at 37° with a 5 per cent CO.-95 per cent N, 
mixture. After equilibrium was reached, the reactant in the side arm 
was tipped in and the manometers read at intervals. The pH attained by 
this system is 7.5, the optimum for ribonucleinase (1, 3). 

The relation between the rate of CO, evolution, read after the first 
5 minutes, and enzyme concentration is shown in Fig. !. The data were 
obtained with two different samples of nucleic acid (Samples M; and E, 
(4)) after purification. These values have not been corrected for CO, 
retained by the nucleic acid, which would increase them by about 25 per 
cent. The amounts of the ribonucleinase involved in the data given later 
for blood and tissues can be estimated from Fig. 1. 

Measurement of CO, Retention—In the application of the above test to 
buffered biological fluids and extracts the CO, retained by the buffers must 
be determined for accurate results. This is most simply done by deter- 
mining the CO, evolved from the buffered system by a standard amount 
of acid (5). The standard acid (0.30 ce. of 0.01 N citric acid, which liber- 
ated 70 c.mm. of CO, from an unbuffered system under the same 
experimental conditions) was put in the side arm of Warburg flasks and 
dried by being placed in a vacuum desiccator for several hours. Flasks 
with a second side arm for the nucleic acid were needed but could not be 
obtained. It was found that flasks with a side arm and without a central 
well could be adapted for this purpose by placing small cups (to contain 
0.5 ee.) made from shell vials in the bottom of the flasks. These cups were 
very difficult to tip because of capillary attraction between the cups and 


1 Zittle, C. A., unpublished work. 

2 All samples of ‘‘nucleic acid’”’ studied have contained a large amount of mono- 
nucleotides (4); however, several preparations of ‘“‘sodium nucleinate’’ that have 
been tested have had initially excellent reactivity with ribonucleinase. Apparently 
the method of manufacture of the latter substances gives a product of low mono- 


nucleotide content. 
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the wet surfaces of the flasks. Tipping was facilitated by placing a glass 
rod approximately 2.5 mm. in diameter on the bottom of the flask over 
which the cup could be tipped. The volume occupied by the cup and rod 
(maximum total 0.80 cc.) was determined in a wide mouthed pycnometer 
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cmm. CO2 / 10 MINUTES 
8 = 3 
°o 
4 ° 
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Fic. 1. Rate of carbon dioxide evolution in relation to concentration of ribo- 
nucleinase. 185 mg. of nucleic acid were used as the substrate. 


and the flask constants recalculated. The nucleic acid (0.5 ce. of about 
30 per cent concentration) was placed in the cup and the main part of the 
flask contained the fluid to be analyzed, the NaHCO; buffer, and saline 


to make a volume of 3.5 cc. 
After the usual equilibration was performed, the substrate was tipped 
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in,® the manometer read at intervals, and finally the citric acid added, and 
readings taken until a steady rate was reached. Data obtained in this 
manner were procured for nucleic acid alone and for rabbit and rat blood, 
plasma, and tissue extracts with the substrate nucleic acid present. The 
magnitude of the retention correction is shown by the following data 
calculated with the usual flask constants: gas liberated from unbuffered 
system, 70 c.mm.; with 185 mg. of nucleic acid, 56 ¢.mm.; with 1.0 ec. of 
plasma, 50 ¢.mm.; with 1.0 ce. of blood cells (diluted with 0.85 per cent 
NaCl to the volume of blood from which they were taken), 34 c.mm.; 
with 1.0 ec. of blood, 33 e.mm. Flask constants which correct for this 
retention are calculated from the ratio of the CO. released from the un- 
buffered system and the manometer readings obtained with the buffered 
test systems. The data obtained with individual flasks were calculated 
for the use of all the flasks, which ranged from 14.0 to 15.6 ec. in total vol- 
ume, by the method of Bain and Rusch (1). The constants were plotted 
against the total volume of the flasks instead of the gas volume used by these 
authors. The constants for any fluid volume were readily obtained from 
a curve relating the flask constants and the fluid volume (6). Variation 
in the buffering capacity (protein, cells, etc.) of the blood would be reflected 
in changes in the retention constants; however, for many purposes average 
values are satisfactory. 

Assay of Blood and Tissues—In performing the assays a control flask 
was prepared to which no nucleic acid was added. With whole blood the 
release of CO., probably due to glycolysis, was on the average 72 c.mm. 
per 1.0 cc. per hour; with cells this correction was about half as great and 
with plasma negligible. 

The results of the assays for rat and rabbit shown in Table I are in gen- 
eral parallel. 

In order to be sure that the gas liberated from the reaction of the blood 
and nucleic acid represented a breakdown of the nucleic acid (2, 3), the 
increase in the acid solubility of the substrate nucleic acid was studied. 
The usual analytical experiment was set up with rat blood (1.0 ce. of 0.1 
mM NaHCOs, 0.5 ec. of 30 per cent nucleic acid, 1.0 or 2.0 ce. of blood, and 
0.85 per cent NaCl to make 3.5 ec.). The activity was 106 c.mm. per 1.0 
ee. per hour, after correction for the metabolism of the control of 105 
e.mm. per 1.0 ec. per hour. The experiment was continued for 2.2 hours, 
0.5 ce. of 30 per cent nucleic acid was then added to the control flasks, and 


* The capacity of the cup or of the side arm was not sufficient to hold the amount 
of blood required for the best performance of the test. Also in instances in which 
the blood was added from the side arm the large amount of O, evolved from the 
hemoglobin in the presence of the NaHCO, left little room remaining in the manom- 


eter for the assay. 
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all were immediately diluted to contain 10 mg. of nucleic acid per ce. and 
precipitated with an equal volume of 0.64 N trichloroacetic acid. The 
temperature of the mixtures was 24° (7). The mixtures were centrifuged 


TABLE I 


Ribonucleinase Activity of Blood, Plasma, and Blood Cells of Rat and Rabbit 


Blood obtained by heart puncture from adult animals was collected in a tube 
containing 1.0 to 2.0 cc. of 2 per cent sodium oxalate to 10 cc. of blood. The oxalate 
did not affect the results with crystalline ribonucleinase. A precipitate, probably 
calcium oxalate, formed with the nucleic acid. Usually the blood from two or three 
rats was pooled. The blood cells were diluted with 0.85 per cent NaCl to the volume 
of the blood from which they were taken. 

The results are expres & in ¢.mm. dasaad ec. per hour. 


_ 



































Blood | Plasma Cells 
es bhaee —|—__—__ = 
ani Range | Sines “samples Range Avera ani Range | Average 
Rat......| 5 | 8-204] 126 | 8 | ase | 42 | 5 | 36-84 | 60 
Rabbit...) 3 | 24-144 | $25 | 16 3 | 36-96 | 66 
TaBLe II 


Ribonucleinase Activity of Tissues from Rat and Rabbit 
The bone marrow was obtained from the bones of the hind legs. In the case of 
the rabbit a 0.5 gm. sample was removed from the end portion of the femurs. The 
pancreatic tissue was difficult to sample, especially so from the rabbit. The minced 
tissue was suspended in water (100 mg. per 1.0 cc.) and broken up in a homogenizer 
(8). Treatment in a sonic oscillator, frequency about 10,000 cycles per second, for 
5 minutes effectively dispersed the bone marrow but was not satisfactory for the other 


tissues. 
The results are expoenned fs in c.mm. per mg. (wet weight) per hour. 



































Bone marrow _— Pancreas 
Rnd J Range be erage | Bi | Range | Ave Average | sm cyI Range | Average 
Ret......| 2 |4.1-6.6 54 | 4 3.55.5 4.5 | 4 |9.9-27.2) 17.0 
Rabbit... 8 | 0.82.4) 1.5 4 § | 2.0 2.9-9. 9.9 47 | 3 (0.6- 3.2} 2.4 








for 10 minutes and the supernatant fluids analyzed for phosphorus. The 
control solution was found to contain 0.090 mg. of acid-soluble phosphorus 


‘Preliminary experiments had shown that the concentration of trichloroacetic 
acid used gave the same final pH and precipitated the nucleic acid as effectively 
as 0.5 HCl (7). This acid was preferred to HCl because it precipitated the blood 
proteins as well as the undecomposed nucleic acid. 
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per cc. (total phosphorus = 0.391 mg. per cc.), whereas the solution digested 
with blood for 2.2 hours contained 0.172 mg. of phosphorus per cc., repre- 
senting a 27 per cent increase in the solubility of the nucleic acid per ce. of 
blood. Thus the breakdown of nucleic acid, assumed to be the cause of the 
evolution of CO., had taken place as a result of the action of the blood, 
Under the same conditions 4 y of crystalline ribonucleinase were required 
to produce a similar increase in the solubility of the nucleic acid. 

The ribonucleinase activity found in some of the tissues of the rat and 
rabbit is shown in Table IT. 


DISCUSSION 


The evolution of CO, obtained per unit of enzyme (Fig. 1) is about 50 
per cent greater than the results reported by Bain and Rusch (1). This 
may be due to a difference in the substrate nucleic acid (4), although 
other factors may be responsible. Both sets of data should be increased 
about 25 per cent for the CO, retention by the substrate nucleic acid, 
an effect that apparently was not considered in the experiments of Bain 
and Rusch with the pure ribonucleinase (1). 

A significant amount of ribonucleinase is present in the blood of rat 
and rabbit, largely in the cellular portion. The approximately 3-fold 
variation in the assay values for a given tissue represents an animal dif- 
ference, an explanation of which is not yet apparent. Bain and Rusch 
(1) stated that ribonucleinase was present in whole blood of the rat but 
they gave no quantitative results. These authors did report the ribo- 
nucleinase content of various rat tissues. They found the activity of 
pancreas to be 16.7 c.mm. per mg. per hour (range, 13.0 to 20.0, eight sam- 
ples), of spleen to be 2.06 (range, 1.80 to 2.49, twelve samples). The 
results shown in Table II for the latter tissue are somewhat higher. The 
ribonucleinase in the bone marrow and pancreas of the rat is significantly 
higher than that from the same tissues of the rabbit. Since the range of 
normal values has been established, the assay method will be used to study 
various induced pathological states in rabbit and rat which may reveal 
the relation of the changes caused by this enzyme to other vital processes. 


SUMMARY 


The ribonucleinase contents of the blood, plasma, and blood cells of the 
rat and the rabbit were determined. Most of the enzyme was found to be 
in the blood cells. Assays were also performed on the bone marrow, spleen, 
and pancreas of the rat and the rabbit. Solubility studies yielded con- 
firming evidence that the nucleic acid is broken down by the blood. 
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RIBONUCLEINASE 


II. MONONUCLEOTIDES IN COMMERCIAL RIBONUCLEIC ACIDS AND 
THEIR EFFECT ON RIBONUCLEINASE 


By CHARLES A. ZITTLE 


(From The Biochemical Research Foundation, Newark, Delaware) 
(Received for publication, July 25, 1945) 


Nucleic acids intended for use as a substrate for ribonucleinase have been 
purified by precipitation with glacial acetic acid (1-3), a procedure that is 
reported (3) to be essential for optimum reactivity of substrate and enzyme. 
It is suggested (3) that the poor results with the unpurified nucleic acid may 
be due to “decomposition products present in the crude nucleic acid.” 

Since many enzymes are inhibited by the products of their action, the 
effect of mononucleotides on ribonucleinase is of interest because they are 
formed when the enzyme acts on ribonucleic acid (4). The present studies 
have shown that the mononucleotides are inhibitory to ribonucleinase and 
that they are present in commercial nucleic acids prepared as the free acids, 
whereas the sodium nucleinate preparations are relatively free of the mono- 
nucleotides. A corresponding difference in the reactivity of the two types 
of preparation with ribonucleinase is encountered. 


Procedure 


The activity of ribonucleinase was determined by the manometric method 
recently developed by Bain and Rusch (3). The enzyme was twice crystal- 
lized and the nucleic acid was purified by precipitation with acetic acid 
(5). 

Effect of Purification on Reactivity of Ribonucleic Acids—The reactivities 
of the two types of commercial nucleic acids (free acid and sodium salt) 
with ribonucleinase before and after precipitation with glacial acetic acid 
are shown in Table I. The sodium nucleinate preparations had initially 
a high activity, compared with that of the free nucleic acid preparations, 
and precipitation with acetic acid, in the one instance that it was per- 
formed, did not increase the activity. All the free nucleic acid samples, 
however, with one exception, increased in reactivity 33 to 85 per cent on 
precipitation. 

The data in Table II show that the difference in behavior of the two 
types of preparation can be correlated with the content of mononucleotides 
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(solubility in the uranium chloride reagent) (6) and the less reactive! low 
polymer fraction (solubility in HCI and in acetic acid). 

The exceptional nucleic acid whose reactivity was not increased by pre- 
cipitation with acetic acid was Sample S. This nucleic acid gave poor 
yields on precipitation with acetic acid, indicative of a high content of the 
soluble mono- and tetranucleotides, and it was supposed that the precipi- 
tated material still contained mononucleotides which are shown later to be 


TaBLe I 
Activity of Ribonucleinase with Unpurified and Purified Nucleic Acids 





} er 
samo | TE foe fie cototina Ga 
Unpurified Purified purification 
c.mm. per y per hr. | c.mm. per > per hr. per cent 
P Free acid | 14.5 | 26.9 | 85 
EA; SS 18.5 28.1 52 
M; Wades 16.8 | 23.4 39 
Ey tie | 16.1 24.0 49 
E; poe * 14.2 18.9 33 
8 Bt 15.2 14.0 0 
BA; | Sodium salt 30.6 | 
EA; is “§ 27.6 25.6 0 
M, ig # 22.8 
M; ” ™ 19.7 





*These samples were obtained commercially: P, Pfanstiehl; M, Merck; E, East- 
man; 8, Schwarz; EA, Eimer and Amend. 

+ Both materials when tested were in the form of sodium salts, since solutions 
brought to pH 7.5 with NaOH were used. For these tests the side arm of Warburg 
flasks contained 19 +. or 38 y of ribonucleinase (the activity was proportional to the 
amount of enzyme over this range; see Fig. 1 of Paper I); the main part of the flask 
contained 1.0 cc. of 0.1 m NaHCOs, 185 mg. of nucleic acid in solution at pH 7.5, and 
water or 0.85 per cent NaCl to make the total volume after mixing 3.5 cc. NaCl 
in this concentration had no effect on the enzyme. The flasks were equilibrated at 
37° with a mixture of 5 per cent CO,-95 per cent N;. The enzyme was tipped in and 
readings taken at intervals and those between 5 and 20 minutes used for calculating 


the activities. 


inhibitory; subsequent experiments showed that this was not the cause of 
the poor activity. Data which might throw light on this question are 
presented in Table II. Study of the solubilities of the crude and purified 
nucleic acid in HCl and in the uranium chloride reagent showed that 


1 It is expected that weight for weight a tetranucleotide would be less reactive 
than a polynucleotide, since the former would contain three bonds that could be 
opened by the enzyme, whereas the same bonds in the latter would approach four as 
a& maximum, 
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nucleotides were present but did not explain the unusual behavior of puri- 
fied Sample 8. Since the recovery with glacial acetic acid was exception- 


TABLE II 


Solubility of Nucleic Acids in Various Acids 





| 





j j { 


ility i | Material lost 
sole apne [agama Sa | EGCG" | Suen 
aci 
~- | per cent percent | percent per cent 
eer re | Free acid 15.1 | 88.2 | 60 
" petlied......... | 3.8 | 17.6 | 19.1 
Ms, SSE | “ = 45.3 55 
“ purified....... | 13.1 | | 
| re | ee 7.5 51.2 | 78 
= pameed......... $6 | Ba | ‘te 
maeeeie..........) ™ “ 11.6 | 36 
™ suriGed........| 1.4 
E:, SE Spee e¢ 66 | 75 
EA;, crude..... = 2 5.1 | 19.3 45.1 | 46 
“ purified...... re | 9.2 20.1 
EA:, crude....... Sodium salt | 2.4 40. 1\| | 28.5 19 
“ purified...... | 0.9 | | 12.9 
I eee i} «i ss 6.1 31.3, | 26.9 
! 











The general procedure for determining the solubility was as follows: A 1 per cent 
solution of nucleic acid which had been adjusted with NaOH to pH 7.0 was precipi- 
tated with an equal volume of the uranium chloride reagent or 0.5 n HCl or 5 volumes 
of glacial acetic acid. The temperature was 23° (2). The last two were centrifuged 
immediately, the first after a lapse of 30 minutes (1). The nucleic acid solubility 
was based on the phosphorus in the original solution and in the supernatant fluids 
from the precipitate. The inorganic phosphorus in these preparations was inap- 
preciable; in crude Sample P for example, only 0.37 per cent of the total phosphorus 
was inorganic, and this was only 4.8 per cent of the phosphorus soluble in the uranium 
reagent. 

* All preparations when tested were in the form of sodium salts. 

¢0.25 per cent uranium chloride in 2.5 per cent trichloroacetic acid (1). 

tThe procedure described by Woodward (2) was followed. 

§The purification was accomplished as described (5) by precipitation with 5 vol- 
umes of glacial acetic acid and washing the precipitate with ethyl alcohol and ether. 

|| These experiments were not very satisfactory because of the colloidal nature 
of the precipitate which made a clean separation of sediment and supernatant fluid 
difficult. All precipitates in HCl were colloidal to some degree, whereas the precipi- 
tates in both acetic acid and the uranium chloride reagent were gelatinous and 
readily sedimented in the centrifuge. 


ally poor, the behavior of purified Samples P and 8 with this reagent was 
compared. The solubility of purified Sample S in glacial acetic acid was 
somewhat high but not enough to explain its low activity. Eventually it 
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was found that crude Sample 8S contained copper which was sufficiently 
concentrated by the precipitation with acetic acid to exert an inhibitory 
effect.” 

Effect of Mononucleotides on Ribonucleinase Activity—Since the acid- 
soluble fraction of nucleic acid (mono- or tetranucleotides) appeared to be 
largely responsible for the poor activity of the crude nucleic acids, mono- 


—- PER CENT 


INHIBITION 








aa a 8 12 16 20 24 2B 32 % 
MOLES «x 10° 


Fic. 1. Effect of mononucleotides on ribonucleinase. The number of moles 
indicated was contained in the test volume of 3.5 ec., with 140 mg. of nucleic acid 
present. Curve 1, adenylic acid; Curve 2, mixture of mononucleotides; Curve 3, 
guanylic acid. The curves were calculated from smooth curves through experimental 
points and the CO, retention curves for the same concentration range of mono- 
nucleotides. 


nucleotides were added to the test system containing the purified nucleic 
acid. The solution of mononucleotides was prepared by alkaline hydrolysis 
of purified nucleic acid* and neutralization with acetic acid. The inhibitory 


2 Zittle, C. A., unpublished work. 

*The mononucleotides were prepared by hydrolysis of the nucleic acid with 
NaOH at room temperature for 24 hours (7). The hydrolysate was used after neu- 
tralization with acetic acid and removal of a variable amount of flocculent pre- 
cipitate which appeared on neutralization. 
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effect of this solution on ribonucleinase is shown in Fig. 1 where the moles* 
of substance added are plotted against the percentage of inhibition. The 
data have been corrected for CO, retained (5) by the buffering action of 
the substances under study and it was found that sodium acetate in excess 
of the amount in the mononucleotides had no effect on the ribonucleinase. 
Purified adenylic and guanylic acids were inhibitory (Fig. 1), as would be 
expected since they are component nucleotides of ribonucleic acid. 


DISCUSSION 


All the commercial nucleic acids (free acid) in the crude state had about 
the same reactivity with ribonucleinase but there was greater variability in 
their behavior after purification. In one instance in which no increase 
in reactivity was obtained the presence of copper was found to be the cause 
(5)2 This may be a contributing factor in the reactivity of some of the 
other samples but the predominant effect is that due to the inhibitory 
mononucleotides and the less reactive tetranucleotides. Small differences 
in activity, shown in Table I, cannot be explained by the data in Table II. 
The precipitations by HCI and by acetic acid are influenced by salts (1), 
and inhibitory substances other than copper may affect the reactivity of 
the enzyme; however, in general, when the copper content is low, solubility 
in these reagents will give a good measure of the reactivity with ribonuclein- 
ase to be expected. Unfortunately products from the same manufacturer 
are not always uniform. This is brought out by a comparison of Samples 
FE, and F, in regard to material lost in purification (Table IT) and reactivity 
before and after purification (Table I). 

The nucleic acids prepared commercially as the sodium salts have con- 
sistently been more active than those supplied as the free acids and are 
about as reactive as the latter after purification. Apparently the method 
of manufacture of the sodium salt gives a product of low nucleotide content 
and this is confirmed by the solubility data. The superior quality of 
purified Samples EA, and EA; may be due to a higher degree of polymeriza- 
tion, as well as low mononucleotide content, for their solutions were very 
viscous and jelled in a 30 per cent solution at 7°. 

The effect of mononucleotides on ribonucleinase is probably a competitive 
inhibition, an interpretation which is supported by the shape of the inhibi- 
tion curves. The hyperbolic type of inhibition-concentration curve is 
encountered when an enzyme is inhibited by the formation of a dissociable 
inactive compound with the inhibiting substance and is characteristic of 
competitive inhibition. This type of curve is well illustrated by the 
inhibition of invertase by monosaccharides (8) and the inhibition of cholin- 


* The number of moles in the solution of mixed nucleotides was calculated from the 
average molecular weight of the four mononucleotides. 
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esterase by prostigmine (9). These inhibition curves are rectangular 
hyperbolas described by the following equation, E’/E = 1/1 + I/k (8), 
where £ is the activity of the enzyme without inhibitor, 2’ the activity with 
it, J the concentration of inhibitor, and k the dissociation constant of the 
inactive inhibitor-enzyme combination. This can be put in the form (EF — 
’)k = E'T, for determination of k by plotting E — E’ versus E'I. The 
data for guanylic and adenylic acids as well as the data for the mixture of 
mononucleotides up to a concentration of 12 X 10~° mole are in fair agree- 
ment with this equation. 

An added compound may competitively affect the enzyme activity in two 
different ways (8): the activity may be equally reduced at all substrate 
concentrations, in which case, presumably, the inhibiting substance united 
with the enzyme is not displaced from it by the substrate, or in the other 
vase, the inhibiting substance produces a far greater effect in weak than in 
strong substrate solutions. The effect of mononucleotides is of the first 
type. The data recorded in Fig. 1 are for 140 mg. of nucleic acid; the per- 
centage inhibition, however, with 92 mg. of nucleic acid is about the same. 
With the mononucleotide mixture, for example, at 24.6 X 10~° mole, the 
inhibition was 65 per cent for the higher concentration of nucleic acid com- 
pared with 69 per cent for the lower. Also with 9.0 X 10~° mole of guanylic 
acid the fractional activity was about the same for the two concentrations 
of nucleic acid. 

Kunitz (1) has observed that even with maximum digestion of nucleic 
acid only 40 per cent of it had become soluble in the uranium chloride 
reagent; 7.c., had been broken down to mononucleotides. This observation 
has been confirmed in these studies and it was thought that the inhibitory 
effect of mononucleotides might be the explanation. Experiments which 
will be reported later have shown that this cannot be the explanation of the 
abrupt termination of the digestion at the 30 to 40 per cent level. 


SUMMARY 


The difference in reactivity between the two types of commercial nucleic 
acid preparations (free acid and sodium salt) with ribonucleinase has been 
correlated with the difference in mono- and tetranucleotide content. The 
increased reactivity of the free acid with ribonucleinase after precipitation 
with acetic acid has been ascribed to the removal of these substances, since 
ribonucleinase was inhibited by a mixture of mononucleotides, by adenylic 
and by guanylic acids, and since the tetranucleotides are expected to be less 
reactive than a polynucleotide. The inhibition of ribonucleinase by mono- 
nucleotides was probably due to the competition of the mononucleotides 
with the substrate for the enzyme. This inhibition was about the same 
with several different concentrations of nucleic acid. 
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' It has been demonstrated that human urine contains substances which 
resemble both in their chemical characteristics and biologic actions certain 
of the 11-oxycorticosteroids which have been isolated from the adrenal 
cortex of animals (1-10). It has also been shown by biologic assays that 
these substances are excreted in increased quantities by postoperative, 
burned, or otherwise damaged persons (3, 8,9). These findings appear to 
substantiate the thesis that the adrenal cortex plays a réle in the defense of 
the organism against such stresses (11-13). 

The present paper reports investigations on the urinary corticosteroid 
output by normal and abnormal subjects as measured by a colorimetric 
assay procedure which is described here. With the exception of the final 
colorimetric determination, the analytic procedure used closely resembles 
that described by Venning, Hoffman, and Browne (9). A method for the 
colorimetric assay of glucose (14) was adapted to meet the requirements for 
measuring corticosteroids. 

Reagents—All reagents are of c.p. quality. All apparatus is of glass. 
Stop-cocks are lubricated only with water. The chloroform, ethylene di- 
chloride, ethyl ether, and benzene used are purified by distillation in an 
all-glass distillation apparatus. The head and tail fractions of the distillate 
are discarded. The middle fraction of the distillate is tested for the 
presence of reducing agents as follows: A 150 ce. aliquot is evaporated to 
dryness. The residue is dissolved in 2 ce. of methanol. Of this solution 
0.5 ec. is assayed for reducing agents according to the analytic procedure. 
The galvanometer reading obtained should be 99 to 100. The reagents 
used in the colorimetric assay are prepared according to the directions of 
Nelson (14). Stock Copper Solution A is stored in a dark Pyrex bottle and 
is freshly prepared at 2 week intervals. 


Analytic Procedure 


Step 1. Collection and Extraction of Urine—A 24 hour sample of urine is 
collected without preservative. ‘The urine is stored in a cool place during 


* This work was supported by a grant from the Commonwealth Fund. 
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collection and prior to extraction. Preferably within | or 2 days after the 
completion of the collection period, the urine is extracted by shaking four 
times with 15 volumes per cent of chloroform in a separatory funnel. The 
total quantity of chloroform used is recorded. 12 instead of 24 hour 
samples of urine may be used for patients who are excreting normal or ex- 
cessively high quantities of urinary corticosteroids. The combined chloro- 
form extract is often emulsified. Such emulsions are partially separated 
from the chloroform by centrifugation. That aliquot of the total 
chloroform which has been thus freed from emulsions is accurately mea- 
sured so that losses of chloroform (and hence of urinary steroid) in the 
emulsion may be estimated and a correction factor applied. The chloro- 
form extract thus measured is evaporated to dryness in a vacuum 
distillation apparatus at a temperature not exceeding 50°. The dry residue 
may be stored in the refrigerator for 24 hours without appreciable losses of 
steroid. 

Step 2. Purification of Crude Chloroform Extraci—The chloroform 
residue is transferred with 100 ce. of chloroform to a separatory funnel. 
The solution is then washed three times with 10 ec. of chilled 0.1 N aqueous 
NaOH solution and three times with 10 cc. lots of water. Each wash is 
extracted back with 10 cc. of chloroform which is added to the original 
chloroform solution before the next NaOH or water wash is carried out. 
The NaOH and water washings are discarded. The washed chloroform 
solution is evaporated to dryness at a temperature not exceeding 50°. 

Step 3. Partition between Benzene and Water—The chloroform residue 
is transferred quantitatively to a small separatory funnel with a total of 30 
ec. of benzene. The benzene solution is extracted ten times with 30 cc. lots 
of water. The benzene is then discarded. The combined aqueous extract 
is transferred to a separatory funnel where it is extracted four times with 45 
ec. lots of chloroform. The chloroform extracts are combined and evap- 
orated to dryness at a temperature not exceeding 50° (crude fraction). 

This crude fraction may be measured for reducing agents according to 
the colorimetric assay procedure given below. Prior to such assay, re- 
maining traces of chloroform must be removed from the residue by the addi- 
tion and subsequent evaporation at 50° of three 5 cc. lots of methanol. It 
has been customary to dissolve the dried residue in 5 cc. of methanol and to 
take 0.5 cc. of this solution of crude fraction for colorimetric assay. The 
remaining 4.5 cc. of the methanol solution are evaporated to dryness and 
the residue further purified by treatment with Girard’s Reagent T. 

Step 4. Separation of Crude Extract into Ketonic and Non-Ketonic Frac- 
tions by Treatment with Girard’s Reagent T—To the dried residue of the 
crude fraction, 200 mg. of Girard’s Reagent T (trimethylacethydrazide- 
ammonium chloride, Eastman Kodak Company) and 0.5 cc. of glacial 








TALBOT, SALTZMAN, WIXOM, AND WOLFE 537 


acetic acid are added. The flask is stoppered with tin-foil or aluminum 
foil. The mixture is then heated for 2 minutes in a boiling water bath. 
During this period the flask is rotated to insure complete mixing of the con- 
tents. At the end of this period the flask is transferred from the boiling 
water bath to an ice bath. After the contents have become chilled, they 
are transferred quantitatively with 40 cc. of ice-cold distilled water to a 
small separatory funnel. 3 cc. of 10 per cent aqueous sodium hydroxide 
solution are added. The mixture is then extracted three times with 20 cc. 
portions of chloroform. The chloroform extracts are combined and washed 
once with 60 cc. of distilled water. This chloroform extract (non-ketonic 
fraction) is discarded. 1 cc. of concentrated sulfuric acid is added to the 
foregoing water washing, which is then added to the aqueous phase remain- 
ing after chloroform extraction of the non-ketonic fraction. After the 
addition of 20 cc. of chloroform, the resultant mixture is allowed to stand at 
room temperature for approximately 2 hours. It is then extracted with the 
chloroform already present and with three additional 20 cc. lots of chloro- 
form. ‘The combined chloroform extract (ketonic fraction) is washed once 
with 10 ce. of 0.1 N sodium hydroxide solution and three times with 10 ec. lots 
of water. Each wash is extracted back with an equal volume of chloroform 
which is added to the original chloroform solution before the next wash is 
carried out. The washed chloroform extract is evaporated to dryness at a 
temperature not exceeding 50°. The residue is freed from chloroform by 
the addition and subsequent evaporation of three 5 cc. lots of methanol. 
This is necessary because traces of chloroform interfere with the colorimetric 
assay. The dried residue (kelonic residue) is dissolved in a measured quan- 
tity of methanol. An aliquot of this methanol solution is assayed according 
to the colorimetric assay procedure given below. With extracts of urine 
from normal patients it is usually convenient to use a total of 2 ce. 
of methanol for dissolving this residue and to take 0.5 cc. of the solution for 
colorimetric assay. For patients with abnormally high assay values smaller 
aliquots may be used. 

Colorimetric Assay—0.5 cc. of a methanol solution of corticosteroid and 
0.5 cc. of water are delivered near the bottom of a Folin-Wu macro blood 
sugar tube calibrated at 7.0 cc. 1 cc. of copper reagent (prepared fresh 
just before use by mixing 25 parts of Copper Reagent A and 1 part of Cop- 
per Reagent B according to directions given elsewhere (14)) is then delivered 
near the bottom of the tube. The contents of the tube are mixed by gentle 
shaking and are heated in a boiling water bath for 20 minutes. The tube is 
then cooled under a stream of tap water and 1 cc. of arsenomolybdate rea- 
gent (14) is added. The contents of the tube are again mixed by gentle 
agitation. Water is added to make a total volume of 7 cc. The tube is 
stoppered with the hand and after the contents have been mixed by in- 
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verting the tube, they are transferred to a photoelectric colorimeter tube! 
A blank prepared in the same way but containing no steroid is developed in 
the same manner. By means of a filter with maximum transmission at 660 
my the galvanometer is adjusted to 100 with a tube containing the blank in 
place. This tube is then replaced by that containing the unknown sample 
and the galvanometer reading is recorded. The quantity of “corti- 
costeroid”’ present is calculated from this galvanometer reading by referring 
to a calibration curve in which galvanometer readings are plotted against 
known amounts of corticosteroid. 


EXPERIMENTAL 


Determination by Colorimetric Assay of Crystalline Corticosteroids in Pure 
Solution—Table I gives representative values obtained in the course of 
establishing proportionality constants (K) between the quantity of crystal- 
line corticosteroid? in the sample analyzed (C) and the amount shown by the 
galvanometer reading (G) when C = 1/K (2 — logG). It is seen that for 
17-OH corticosterone, corticosterone, and dehydrocorticosterone in 
amounts ranging between approximately 0.03 and 0.08 mg. K is equal to 
5.4 + 0.1.2 With smaller amounts of these steroids, lower K values were 
obtained. On the other hand, for from 0.04 to 0.07 mg. of 17-OH dehy- 
drocorticosterone, K is approximately 3.9. It is not known whether this 
discrepancy is real or is due to deterioration of the sample of 17-OH dehy- 
drocorticosterone used. Until another sample of this steroid becomes 
available for study, it will be assumed that a calibration curve described by 
the K value 5.4 may be applied with reasonable accuracy in the measure- 
ment of all four of these corticosteroids and of similar substances extracted 
from urine by the analytic procedure described above. 

Partition of Crystalline Corticosteroids between Water and Various Organic 
Solvents—In these experiments approximately 0.2 mg. of 17-OH corticos- 
terone, 17-OH dehydrocorticosterone, corticosterone, or dehydrocorticos- 
terone was dissolved in 50 ec. of water. The aqueous solution was 
quantitatively transferred to a separatory funnel with an equal volume of 
ethylene dichloride, chloroform, or ethyl ether. The funnel was shaken 


1 An Evelyn macro photoelectric colorimeter was used in this laboratory. 

2 We are greatly indebted to Professor E. C. Kendall for crystalline samples of 
Compound A (dehydrocorticosterone, m.p. 177-180.5°), Compound B (corticosterone, 
m.p. 177-179°), and Compound E (17-OH dehydrocorticosterone m.p., 224-225°), to 
Dr. G. Thorn for a sample of crystalline 17-OH corticosterone, and to Dr. E. Schwenk 
of the Schering Corporation for a sample of crystalline desoxycorticosterone. 

+ In this reaction 1 mg. of 17-OH corticosterone, corticosterone, or dehydrocorti- 
costerone, respectively, is equal to approximately 0.1 mg. of glucose. 

* This discrepancy is not explained by differences in the molecular weights of the 
four corticosteroids. 
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vigorously for 3 minutes and then allowed to stand until the aqueous and 
organic solvent phases had separated completely. The organic solvent 
phase was removed, evaporated to dryness at 50°, and the corticosteroid 
content of the residue determined by the colorimetric assay procedure. 
Chloroform extracted each of the respective corticosteroids almost 
quantitatively (average, 102 per cent). Ethylene dichloride was slightly 
less efficient (average, 92 per cent), while ethyl ether proved tobe a con- 
siderably less efficient solvent, especially for the two 17-OH steroids (17-OH 
corticosterone, 65 per cent; 17-OH dehydrocorticosterone, 51 per cent). 


TABLE I 
Ezperimenis Taken from Series Establishing Proportionality Constant (K) between 
Total Crystalline Corticosteroid Determined in Sample and Amount Shown by 
Galvanometer Reading 


Total 





Corticosteroid aaa | Oe K 
| analyzed | 
=. 
17-OH corticosterone 0.010 91 | 4.1 
0.030 692 5.3 
0.050 542 5.3 
0.076 a a 
17-OH dehydrocorticosterone 0.015 90 3.1 
0.044 6s* =| 3.7 
0.074 50 a. 
Corticosterone 0.010 88 5.3 
0.031 67?) |lCSS 
0.052 | 512 | 5.5 
0.076 39 | §.4 
Dehydrocorticosterone 0.011 | 92 | 3.2 
0.034 652 5.4 
0.057 50 ay 
| 6.4 


0.083 | 36 





Control experiments in which no steroid was used gave zero blank values. 
In two additional experiments it was found that when a known amount of 
corticosteroid was dissolved in 1 liter of water it was extracted essentially 
quantitatively by shaking the aqueous solution three times with 150 ce. 
lots of chloroform. 

Table II gives information concerning the distribution of the various 
crystalline corticosteroids between benzene and water (Step 3). It is to 
be noted that the steroid was added to benzene which was extracted 10 times 
with an equal volume of water. The quantity of steroid remaining in the 
benzene and the quantity found in the combined water extract were deter- 
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mined. Column (e) of Table II shows that from 85 to 100 per cent of the 
steroid used was recovered in one or both of the two phases. Column (d) 
indicates that 17-OH corticosterone and 17-OH dehydrocorticosterone tend 
to pass quantitatively from benzene to water under the conditions of the 
experiment. On the other hand, only 38 per cent of the corticosterone and 
24 per cent of the dehydrocorticosterone appeared in the water phase. 
Finally, desoxycorticosterone remained almost quantitatively in the 
benzene phase; only 2 per cent appeared in the water phase. Incidentally a 
sample of dehydroisoandrosterone similarly partitioned between benzene 
and water was found to remain essentially quantitatively in the benzene 
phase. 
TABLE II 
Distribution of Various Crystalline Corticosteroids between Benzene and Water 


The steroid was added to 30 cc. of benzene, which was then extracted ten times 
with 30 cc. lots of water. The combined water extract was subsequently extracted 
four times with 45 ce. lots of chloroform. The respective corticosteroid contents of 
the benzene and the chloroform residues were then determined. 


Steroid recovered 


Amount ae — 
Steroid used ~~ -2 Benzene Water (c) | (6)+ © 
phase phase | Ta) ia © 
(a) (6) © | @ (e) 
me. me. me. 
NN ht nh cinntnats 0.00 0.00 | 
17-OH corticosterone.............| 0.25 0.00 0.25 10 | 1.0 
17-OH dehydrocorticosterone.....| 0.23 0.00 0.23 1.0 1.0 
Corticosterone ‘ 0.21 0.12 0.08 0.38 0.95 
Dehydrocorticosterone......... 0.21 0.15 0.05 0.24 0.95 
Desoxycorticosterone.... vicny OD 0.40 0.01 0.02 0.85 


The foregoing observations show that chloroform is a suitable solvent for 
extracting corticosteroids from aqueous solutions. The experiments with 
benzene show that the corticosteroids which lacked an oxygen on the 11th 
carbon atom were not easily extracted from benzene by water. They also 
suggest that 11-oxycorticosteroids with a hydroxyl group on the 17th carbon 
atom are extracted from benzene much more readily than 11-oxycorti- 
costeroids without a hydroxyl group at C-17. 

Recovery of Crystalline Corticosteroids after Alkaline Washing of Chloroform 
Solution—When the various crystalline corticosteroids are dissolved in 
chloroform, the chloroform solution may be washed with 0.1 N aqueous 
sodium hydroxide solution and by water according to the analytic procedure 
(Step 2) without significant losses of the steroid (maximum loss, 4 per cent). 

Recovery of Crystalline Corticosteroids Added to Urine—The following ex- 





the 
(d) 
nd 
he 
nd 


he 
ra 
ne 
ne 


ee le | 





TALBOT, SALTZMAN, WIXOM, AND WOLFE 541 


periments were designed to test the efficiency of Steps 1 to 3 of the analytic 
procedure. For these experiments pools of fresh urine from normal adult 
human subjects were collected. The urine pools were separated into three 
or four equal aliquots. To two of these aliquots, nothing was added (con- 
trol aliquots); to the others a measured amount of a crystalline corti- 
costeroid was added prior to extraction. The various aliquots were then 
treated according to Steps 1, 2, and 3 of the analytic procedure and the 
“corticosteroid” content of the crude fractions thus obtained was deter- 
mined by the colorimetric assay procedure. 

The analytic data from six series of such experiments are given in Table 
Il]. The theoretical values (column (b)) for the urinary “corticosteroids” 
represent the sum of the average determined value for the two control ali- 
quots (column (a)) and the mg. of crystalline corticosteroid added to the 
third or fourth aliquot, respectively. Column (c) gives the ratio of the 
determined to the theoretical values. Column (d) presents an estimation of 
the per cent of added corticosteroid actually recovered. Thus in Experi- 
ment 1 the average control value was 0.46 mg. per 1000 ce. of urine. In 
Experiment 1c, 0.73 mg. of 17-OH corticosterone was added. However, 
1.28 mg. were recovered (column (a)). If it is assumed that 0.46 of the 
1.28 mg. recovered was “‘corticosteroid” present in the urine aliquot prior to 
the addition of 17-OH corticosterone, then 1.28 — 0.46 or 0.82 mg. of 17-OH 
corticosterone was recovered. Since only 0.73 mg. of this steroid had been 
added, the estimated recovery was 0.83/0.73 X 100 or 113 per cent (column 
(d)). 

On the average the individual control values of Table III deviated from 
their respective mean values by +10 per cent (range +0 per cent (Experi- 
ment 6) to +28 per cent (Experiment 4)). In subsequent duplicate analy- 
ses, the values obtained have agreed within less than +10 per cent. Ex- 
periments 1 to 4 show that 17-OH corticosterone and 17-OH dehydrocorti- 
costerone were recovered essentially quantitatively (columns (c) and (d)). 
On the other hand, the average recovery of corticosterone was 55 per cent 
and of dehydrocorticosterone 38 per cent (column (d)). These observations 
are in keeping with those of Table II which suggested that corticosteroids 
like corticosterone and dehydrocorticosterone, which lack a hydroxyl group 
at the 17th carbon atom, would not be recovered quantitatively by the 
analytic procedure. 

Because these observations suggested that urine contained substances 
similar to the crystalline corticosteroids, a preliminary series of meas- 
urements of the “corticosteroid” content of the “crude fraction” of urines 
from normal and abnormal! subjects was carried out. Though the results 
obtained were in the main consistent with biologic assay values reported by 
others, it was found that the colorimetric assay values obtained for patients 
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with Addison’s disease having a tendency to hypoglycemia were not con- 
sistently lower than the values for normal subjects. This observation sug- 
gested that colorimetric assays carried out on the crude fractions might be 


Taste III 
Recovery of Various Crystalline Corticosteroids Added to Urine 
Extracts not purified by treatment with Girard’s reagent. 

















| Steroid recovered ) Estimated 
: tot | E ewe \@) recovery of 
—_— a, Steveld added” | Determinedt | Theoretical (0) | added 
| Bel een My (aki: Av ae 
ce. | ms | me. | mg. | per cent 
la 1000 | None | 0.47 
b 1000 “ 0.44 
| (0.46) 
e | 1000 | 0.73 17-OH C 1.28 1.19 1.08 113 
2a 500 | None 0.21 
b | 500 | “ 0.24 
| (0.23) 
e | 800 | 0.5417-OH C 0.78 0.77 1.01 | 104 
3a 500 | None 0.26 
b | so | « 0.24 
(0.25) 
c 500 | 0.55 17-OH D 0.96 0.80 4.3 129 
40 | 500 | None 0.51 | 
b 500 | “ 0.28 
(0.39) 
c 500 0.55 17-OH D 0.78 0.94 0.83 71 
d | 800 0.54 C 0.66 0.93 0.50 50 
5a 500 | None 0.24 
b 500 | « 0.33 
| (0.28) 
c 500 | 0.54C 0.60 0.82 | 0.73 59 
d | 8&0 | 0.446D 0.40 0.74 | OO. | 52 
6a | 1000 None 0.53 
b 1000 * 0.53 
(0.53) 
¢ 1000 0.55 D 0.81 108 | 0.75 | 61 








*17-OH C = 17-hydroxycorticosterone; 17-OH D = 17-hydroxydehydrocorti- 
costerone; C = corticosterone; and D = dehydrocorticosterone. 
t The figures in parentheses represent the average. 


subject to errors of overestimation due to the presence of non-ketonic re- 
ducing agents. Accordingly, experiments were carried out to determine 
whether the crude fractions of urinary extracts could be further purified by 
treatment with Girard’s Reagent T. This reaction has been used success- 
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fully for the separation of other ketonic urinary steroids from non-ketonic 
contaminants (15, 16). 

Recovery of Crystalline Corticosteroids in Pure Solutions in Ketonic Frac- 
tion after Treatment with Girard’s Reagent T—In nine experiments between 
81 and 94 per cent (average 91 per cent) of the four respective crystalline 
1l-oxycorticosteroids was recovered in the ketonic fraction after treatment 
with Girard’s Reagent T (Step 4 of the analytic procedure). 

Recovery of Crystalline Corticosteroids Added to Urine Extracts Prior to 
Treatment with Girard’s Reagent T—Four similar experiments on the recov- 
ery of crystalline corticosteroids added to an aliquot of the crude fraction of 
aurine extract prior to treatment with Girard’s Reagent T were carried out. 
The corticosteroid content of the ketonic fraction of an equal aliquot to 
which nothing had been added was also measured. Accordingly, as in 
Table III, the theoretical values represent the sum of the control value and 
the mg. of crystalline corticosteroid added. On the average 88 per cent of 
the crystalline corticosteroids added to the crude fractions was recovered in 
the ketonic fraction (range 81 to 94 per cent). Accordingly, it appears that 
Step 4 of the analytic procedure may be used without causing serious losses 
of corticosteroids. Experience has shown that assay values obtained on 
such ketonic fractions are often considerably lower than those obtained on 
the respective crude fractions. Most of the reducing material of the crude 
extract which does not appear in the ketonic fraction appears in the non- 
ketonic fraction. 

Unfortunately, because of a lack of crystalline corticosteroids, it was not 
possible to test the efficiency of Steps 1 to 4 of the analytic procedure by 
recovery experiments similar to those of Table III. However, the data 
available indicate that the entire analytic procedure should permit recovery 
of approximately 90 per cent of the 17-OH corticosterone and 17-OH dehy- 
drocorticosterone, 45 per cent of the corticosterone, 35 per cent of the dehy- 
drocorticosterone, and 0 per cent of the desoxycorticosterone present in free 
(unconjugated) form in urine. That substances like desoxycorticosterone 
which lack an oxygen at the 11th carbon atom will probably not be 
recovered is of interest in view of the clinical observations discussed below. 
Also of interest is the fact that all the biologically active “cortin-like”’ 
material present in the urine extracts has been recovered essentially quan- 
titatively after use of a purification procedure very similar to that employed 
here (9). 

Excretion of Corticosteroids by Normal and Abnormal Subjects—Table IV 
gives preliminary measurements obtained with the analytic procedure de- 
scribed above. The daily output by three normal men and one normal 
woman was measured over 8 to 10 day periods. 89 per cent of the thirty- 
seven values for these subjects ranged between 0.12 and 0.34 mg. per day 
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(average value, 0.24 mg. per day). Analysis of these measurements showed 
that the chances were 2:1 that the value for a single day would fall within 
+30 per cent of the average value for that individual. There was essen- 
tially no difference between the values for the men and for the women. 
These observations, taken together with five additional measurements on 
five other normal adults indicate that values of 0.38 and higher should be 
considered abnormally high and values of 0.10 and below, abnormally low. 

The remainder of Table IV gives measurements on patients with various 
conditions. It is seen that on the average results on patients with 
Addison’s disease, hypothyroidism, or hypopituitarism tended to be low. 
Of the patients with Addison’s disease or with hypopituitarism, only those 
with a definite tendency to hypoglycemia excreted 0.10 mg. or less of corti- 


TaBLe IV 
Excretion of Corticosteroids by Normal and by Abnormal Subjects 


The results are expressed as mg. per 24 hours. 


; st No. of No. of Urinary corticosteroids 
Condition subjects a - 
Average | Range 

1. Normal adults....... my) Care eres 9 42 0.24 0.10-0.38 
2. Addison’s disease...... cakianldd «4 6 6 0.12 0.02-0.26 
3. Hypothyroidism. . sa tata inte aac 3 4 0.09 0.06-0.13 
4. Hypopituitarism. . 3 3 0.14 0.10-0.17 
5. Cushing’s syndrome................ 3 4 4.20 0.90-12.0 
6. Adrenal cortical virilism. 2 3 0.43 0.15-0.57 
7. Simple hirsutism....... Melba des 2 2 0.28 0.23-0.32 
8. Burn and postoperative patients..... 4 9 0.93 0.34-1.70 


costeroids per day. On the other hand, values which, on the average, were 
abnormally elevated were obtained on patients with active Cushing’s syn- 
drome, adrenal cortical virilism, and on patients who had recently been 
severely burned® or operated upon. Two patients with simple hirsutism 
excreted normal amounts of corticosteroids. 


Comments 


The experimental data dealing with the analytic procedure with a few 
minor exceptions substantiate the observations of Venning ef al. (9). The 
colorimetric measurement used here depends upon the fact that corticos- 
teroids are reducing agents similar to sugars and are therefore susceptible of 


’ Assays carried out on the crude fraction of urine extracts of five other severely 
burned patients also gave values which were markedly elevated above assay values 


for normal crude fractions. 
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determination by suitable copper reagents. Since the urine contains a wide 
variety of reducing agents, the specificity of the analytic procedure depends 
upon the efficiency of the extraction and purification procedures. Assays 
made on extracts of water to which several gm. of glucose had been added 
gave zero values. The alkali washing of the chloroform solution (Step 2) 
should remove acidic substances. The information available suggests that 
only corticosteroids with an oxygen on the 11th carbon atom will tend to 
pass readily from benzene to water under the conditions used here (Step 3)* 
(17). Finally, it is probable that only ketonic reducing agents soluble in 
chloroform will appear in the ketonic fraction after treatment with Girard’s 
Reagent T (Step 4). In these respects it is of interest that Venning et al. 
found the biologic activity per mg. of ketonic fraction residue’ to approach 
closely that of crystalline 11-oxycorticosteroids (9). On the other hand, 
it would not be surprising to learn that urine contains biologically inactive 
“corticosteroids” as it contains biologically inactive as well as active 
17-keto steroids (18). Should this be so, colorimetric assay values will not 
necessarily correspond exactly to biologic assay values. 

The data obtained thus far for normal and abnormal subjects are in 
accord with the idea that the urinary substances measured were probably 
derived from the adrenal cortex. Furthermore, the fact that the lowest 
values occurred only in patients with a tendency to hypoglycemia suggests 
that the substances measured here may be an index of the rate of production 
of those adrenal cortical hormones which influence protein and carbohydrate 
metabolism rather than those which affect water and electrolyte me- 
tabolism. On the other hand, it is appreciated that the division of patients 
with Addison’s disease into a group with and a group without hypoglycemia 
may be somewhat artificial. Accordingly, the relatively normal values 
reported here for some patients with Addison’s disease raise the possibility 
that certain urine extracts may contain small amounts of reducing sub- 
stances other than 11-oxycorticosteroids. 

The detailed clinical aspects of these measurements will be reported 
elsewhere. 


SUMMARY 


A procedure for the extraction, purification, and colorimetric assay of 
urinary substances similar to 11-oxycorticosteroids has been described. 


° There is a possibility that certain polyhydroxy steroids which lack an oxygen at 
C-11, but have a ketol side chain at C-17, may pass from benzene to water under the con- 
ditions of Step 3. This is suggested by an observation on a sample of crystalline A‘- 
pregnene-3-one-17 , 20, 21-triol which, when treated according to Step 3, was recovered 
almost quantitatively in the water phase. 

? Prepared essentially according to the present analytic procedure. 
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Only 11-oxycorticosteroids with a 17-hydroxyl group are recovered essen- 
tially quantitatively by this procedure. 

Preliminary observations on normal and abnormal subjects suggest that 
the substances measured are an index of the rate of secretion of those 
adrenal cortical hormones which influence protein and carbohydrate metab- 


olism. 
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ESSENTIAL GROUPS OF CRYSTALLINE CHYMOTRYPSIN 


By IRWIN W. SIZER 
(From the Department of Biology, Massachusetts Institute of Technology, Cambridge) 


(Received for publication, June 1, 1945) 


It is now generally recognized that, even in enzymes which do not require 
a “prosthetic group” for activity, certain parts of the molecule are much 
more concerned than others with the specific activity of the enzyme. 
These parts of the protein molecules may be thought of as “essential groups” 
which must be maintained intact in order for the enzyme to function. 
Attention has been focused especially upon the réle of sulfhydryl groups, 
and it has been shown that there exists a large group of enzymes which 
are activated by reducing agents, which convert disulfide linkages to sulf- 
hydry! groups, and are inactivated by reagents which oxidize these groups 
or combine with them. Included in this category are urease (1, 2), cathep- 
sin, papain, and other plant proteases (3, 4), carbonic anhydrase (5), succinic 
dehydrogenase (6), triose phosphate dehydrogenase (7), glycerol dehydro- 
genase (8), pyruvate oxidase, and the enzyme for pyruvate condensation, 
carboxylase, ketoglutarate oxidase, malate oxidase, adenosinetriphos- 
phatase (9), pancreatic lipase, certain fatty acid oxidases, certain amino 
acid oxidases, transaminase, monoamine oxidase (10), and amylase (11). 
On the other hand, it has become equally apparent that in a very large class 
of enzymes sulfhydryl groups are not required for activity. Enzymes of 
this type which have been studied are invertase (12), acid and alkaline 
phosphatase (13, 9), lactate oxidase, isocitrate oxidase, carbonic anhydrase,! 
polyphenol oxidase, catalase, uricase, cytochrome oxidase, flavoproteins 
(9), diamine oxidase, pepsin, trypsin (10), and pancreatic amylase (14). 

The importance of tyrosine in the pepsin molecule has been demonstrated 
by the work of Herriott and Northrop (15, 16) and others (17), who have 
shown a decrease in activity when an acetylated, iodinated, or nitroso 
derivative of the tyrosine in the pepsin molecule is formed. Similarly, 
Sizer (12, 13) has indicated that when the tyrosine groups of invertase and 
acid or alkaline phosphatase are oxidized the activity is destroyed. Weill 
and Caldwell (18) have found that the reaction of HNO» with the tyrosine 
of 6-amylase results in a loss in activity. 

Primary amino groups appear to play no réle in determining the activity 
of such enzymes as pepsin (15) and 6-amylase (18), but on the other hand 
constitute essential groups of pancreatic amylase (14) and alkaline phos- 
phatase (19). While most of the studies on the réle of sulfhydryl groups 


' The results are contrary to Kiese and Hastings (5). 
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are fairly convincing, it is only in the case of pepsin that the importance of 
amino and tyrosyl groups has been clearly demonstrated. 

The present investigation was undertaken with the purpose of extending 
this information on essential groups of enzymes by an investigation of the 
réle played by sulfhydryl, disulfide, amino, and tyrosyl groups in deter- 
mining the activity of purified chymotrypsin. 


EXPERIMENTAL 


In all experiments crystalline chymotrypsin from the Plaut Research 
Laboratory? was employed and was used at a final concentration in the 
digest of | mg. per ml. Several different buffers were employed for holding 
the digest at pH 8.0. All digestions were carried out in a water bath at 
37° + 0.05°. Except for the experiments with gelatin, the determinations 
of the activity of chymotrypsin were made by measuring the rate at which 
a reprecipitated filament of purified collagen (20, 21) was digested by the 
enzyme solution. A glass bead was tied to the filament before it was 
immersed in the enzyme solution; the end-point of digestion was taken as 
the time required for the filament to break and the bead to fall. The diges- 
tion time was measured with an automatic recording apparatus (22). 

Experiments with Oxidanis and Reductants—In view of the fact that 
certain oxidants or reductants may have specific effects in addition to those 
related to their oxidizing or reducing properties (2, 12, 13), it is often neces- 
sary to investigate the action on enzymes of a variety of such compounds. 
The enzyme activity can then be related to the oxidation-reduction poten- 
tial of the digest. 

Preliminary experiments indicated that 1 x 10°* m solutions of most 
oxidants and reductants were not toxic and this concentration or less 
was used in subsequent studies. The oxidant or reductant was added to 
the enzyme for 5 minutes at 37° before the collagen filament was sus- 
pended in the solution. Before digestion was begun the oxidation-reduction 
potential was measured with a Beckman pH-E, meter at room temperature. 
A typical experiment of the twelve which were performed is presented in 
Fig. 1, from which it appears that chymotrypsin activity is independent of 
the oxidation-reduction potential of the medium from — 400 to about +500 
millivolts. A summary of all the studies which have been made’ leads to 
the conclusion that chymotrypsin is unaffected by strong and weak re- 
ductants and relatively unaffected by mild oxidizing agents. These results 
can be interpreted as indicating that sulfhydryl or disulfide groups are not 
essential for chymotryptic activity. Strong oxidizing agents responsible 


* Lehn and Fink Products Corporation, Bloomfield, New Jersey. The crystalline 
preparation contains about 40 per cent MgSO,. 

* Other reductants used were Na,S,0,, Na.S,O;, NaS, and cysteine, all of which 
showed essentially no effect, and KCN, which appreciably inhibited chymotrypsin. 





SO mw BR es WS TE 


i 








I. W. SIZER 549 


for oxidation-reduction potentials greater than +540 millivolts progres- 
sively inactivate the enzyme the higher the Z,. On standing in solutions 
of high £,, the chymotrypsin activity falls rapidly, while standing for a 
few hours at low potentials results in only a relatively slow loss of activity. 
The data on inactivation of chymotrypsin by strong oxidants are very 
similar to those on phosphatase (13) in which the loss in activity seemed to 
be associated with the oxidation of tyrosine. Iodine inactivates chymo- 
trypsin as well as pepsin, in which enzyme it has been shown that it is the 
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Fig.1. Activity of chymotrypsin (as measured by the rate of digestion of a collagen 
filament) as related to the presence of oxidants or reductants in the digest. The 
solution at pH 7.9 contained 1 mg. of crystalline chymotrypsin per ml., 0.2 mg. of 
(NH,);HPO, per ml., and one of the following: 1, H, activated with platinized asbes- 
tos; 2, 0.2 of saturated HS; 3, control, nothing added; 4, 5 X 10-* m K,Fe(CN)g; 
5,2 X 10°‘ m Br; 6,5 X 10°‘ m K;Fe(CN)«; 7, 5 X 10-* m iodoacetate; 8,5 K 10-* m 
K,Cr.0;7; 9,2 X 10°‘ m I-KI; 10,5 X 10-*m I-KI; 11,5 X 10-' m KMnO,; 12,2 X 10-¢ 
m KMn0O,; 13, 5 X 10°‘ mw Br. 


tyrosine group which is iodinated (16). Thus it appears likely that for 
chymotrypsin as well as for phosphatase and pepsin, tyrosyl groups are 
essential for activity. 

The inactivation by strong oxidants of chymotrypsin, like phosphatase, 
is partially reversible. A 3-fold increase in activity can often be demon- 
strated by the addition to the partially inactivated enzyme of a reductant 
such as activated hydrogen or KyFe(CN)s. If inactivation has proceeded 
too far, however, it becomes irreversible. The reactivation of inactive 
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chymotrypsin seems analogous to the reactivation of acetylated pepsin 
by deacttylating the tyrosine groups of the enzyme (15). 

Chymotryptic activity was also measured by the change in viscosity of 
2 per cent gelatin at pH 7.5. This study demonstrated the fact that the 
action of oxidants and reductants is independent of the method used to 
measure enzyme activity. 

Acetylation with Ketene—Ketene brings about the acetylation of primary 
amino, sulfhydryl, and phenolic hydroxyl groups of proteins, but does not 
react appreciably with the guanidino or aliphatic hydroxyl groups of amino 
acids and proteins (23, 24). The reaction with primary amines is much 
more rapid than with tyrosine (25, 26). 

Freshly distilled ketene was prepared according to the method of Her- 
riott and Northrop (15) and bubbled into the chymotrypsin solution at 0° 
at a rate of approximately one bubble per second. Considerable difficulty 
was encountered in controlling the pH of the solution, which even though 
highly buffered became acid, due to the conversion of ketene to acetic acid. 
The problem was solved by dissolving the enzyme in a 10 per cent suspen- 
sion of NaHCO;. The pH of this solution remained at 7.9 for about 1 hour 
and then gradually decreased. At successive intervals samples were taken 
from the solution being acetylated and the chymotrypsin activity measured 
in the usual way at 37°, with a collagen filament as substrate. Results of 
a typical experiment are presented in Fig. 2, from which it may be seen that 
acetylation of chymotrypsin by ketene is without effect for the first 30 
minutes, after which the activity decreases quite rapidly, becoming zero in 
about 90 minutes. These results are in marked contrast with those re- 
ported by Little and Caldwell (14) for pancreatic amylase, who found that 
only 15 minutes acetylation caused a loss of 78 per cent of the activity, but 
a loss of only 13 per cent of the tyrosine groups. Gould (19) found an 
equally rapid loss in 10 minutes of the activity of phosphatase and concluded 
that primary amino groups were essential for activity in phosphatase as weil 
as pancreatic amylase. The results on chymotrypsin acetylation are very 
similar to those on pepsin (15) and 8-amylase (18), for which it has been 
shown that activity was lost not on acetylating the amino groups but only 
when the tyrosine groups were subsequently acetylated. Attempts to 
reactivate acetylated chymotrypsin by adjustment to pH 11 were unsue- 
cessful. Reactivation by this procedure was accomplished with acetylated 
pepsin (15), but not with 6-amylase (18). 

Experiments with Nitrous Acid—It was hoped that further information 
on the réle of essential groups in chymotrypsin could be obtained by treat- 
ment with HNOkz, since it is known that it oxidizes such groups as sulfhy- 
dryl, deaminates aliphatic amino groups of amino acids, and diazotizes 
phenolic hydroxyl groups (14, 17, 18). The deamination can be distin- 
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guished from the diazotization because the former proceeds very much 
more rapidly and in the presence of excess nitrite is of the second order, 
while the reaction with tyrosine is of the first order (14, 17). 

The treatment of chymotrypsin with 1 m HNO, was carried out at the 
recommended acidity of pH 4.6 and at 0°. To the solution were added 5 
mg. per ml. of chymotrypsin and at successive intervals 0.5 ml. samples 
were removed and added to 2 ml. of phosphate buffer (final pH 7.7), and the 
enzyme activity measured as usual on collagen. A control at pH 4.6 with- 
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Fig. 2. Inactivation of crystalline chymotrypsin as a function of the time that 
ketene is bubbled through the solution. The activity of the enzyme was determined 
by the rate of digestion of a collagen filament. 


out added HNO, was run simultaneously to determine whether or not on 
standing at this acidity the enzyme was inactivated. The control showed 
no inactivation on standing for 22 hours. 

Typical results are presented in Fig. 3, from which it appears that com- 
pared with pancreatic amylase and phosphatase (14, 19) chymotrypsin is 
inactivated very much more slowly and at a rate comparable with pepsin 
and 6-amylase (17,18). An analysis of the kinetics of inactivation (Fig. 3) 
shows that the diazotization of chymotrypsin is first order, indicating reac- 
tion of the HNO, with tyrosine, since it would be second order under these 
conditions if the inactivation were due to the removal of amino groups by 
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HNO,. The reaction of the HNO, with the tyrosine of chymotrypsin is 
also indicated by the gradual production of a yellow color in the solution 
due to the formation of the diazo compound. It should be pointed out 
that the formation of a yellow color might reflect the action of nitrous acid 
upon the tyrosyl nucleus rather than the formation of a diazo compound, 
Little and Caldwell (14) reported the progressive formation of a similar 
yellow diazo compound, as measured colorimetrically, during the later 
stages of the reaction between HNO, and pancreatic amylase. The possi- 
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Fig. 3. Inactivation of chymotrypsin by 1 m HNO, at pH 4.6 and 0°. The enzyme 
activity was determined by the rate of digestion of a collagen filament. The linear 
relationship in the logarithmic plot indicates that inactivation follows the course of a 
first order reaction. 


bility that the loss of activity of chymotrypsin in HNO, is due to the oxida- 
tion of sulfhydryl groups is excluded by the fact that partially inactivated 
enzyme cannot be reactivated by bubbling H.S through the solution (see 
(18)). From these studies with HNO, it may be concluded that neither 
amino nor sulfhydryl groups are required for chymotryptic activity but that 
tyrosine constitutes an essential group. 

Treatment with Phenyl Isocyanate—Pheny|l isocyanate forms phenyl- 
ureido derivatives with a large number of different proteins. Hopkins and 
Wormall (27) believe the reaction to involve only the free amino groups of 
the lysine components and that further damage to the protein does not 
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occur, When the reaction is carried out at pH 8.0 and 0° with a ratio of pro- 
tein to pheny] isocyanate of 2:1. 

Duplicate solutions of chymotrypsin (1 mg. per ml.) were prepared in 
phosphate buffer at pH 7.6 at 0°. One was kept as the control, while to the 
other was added 0.5 mg. of phenyl! isocyanate for each ml. of solution. The 
solution was shaken frequently during the reaction. The phenyl isocyanate 
solution turned cloudy and a precipitate of diphenylurea settled out. 
Samples were taken after 1 or more hours and the chymotrypsin activity 
measured in the usual way with a collagen filament as substrate. In four 
different experiments the activity of the isocyanate-treated enzyme varied 
from 92 to 99 per cent of the untreated control. These results indicate that 
phenyl] isocyanate has relatively little effect in inactivating chymotrypsin. 
These data are interpreted as indicating that primary amino groups are not 
essential for chymotryptic activity, since in pancreatic amylase and phos- 
phatase, in which amino groups are essential, phenyl isocyanate produced a 
rapid and practically complete inactivation (14, 19). At high concentra- 
tions phenyl isocyanate apparently brings about more drastic changes in 
the enzyme for, when used at 5 times the concentration of chymotrypsin 
(instead of 0.5), a rapid inactivation was produced. 

Experiments with Formaldehyde—F¥ormaldehyde reacts readily at low 
concentrations with amino groups of proteins and at higher concentrations 
or longer periods of time it has a characteristic hardening or tanning 
action (28). It was felt that treatment of chymotrypsin with formaldehyde 
might yield further information concerning the relationship of amino groups 
to the activity of chymotrypsin. 

To a solution of 1 per cent formaldehyde in phosphate buffer, pH 7.7 
(room temperature) chymotrypsin was added to a final concentration of 1 
mg. per ml. A control solution was similarly prepared but without the 
formaldehyde. Samples were drawn after 2 hours and tested for enzyme 
activity with the collagen filament technique. The solution containing the 
formaldehyde showed no enzyme activity, but this was shown to be due to 
the tanning of the collagen filament. by the formaldehyde rather than the 
inactivation of chymotrypsin. In a second experiment the chymotrypsin 
was equilibrated with the formaldehyde for 2.5 hours. Both the control 
and experimental solutions were then dialyzed for 1.5 hours against a turbu- 
lent stream of tap water to free the experimental solution of excess formal- 
dehyde. In one experiment the formaldehyde-treated enzyme had 92 per 
cent and in two experiments it had 100 per cent of the activity of the con- 
trols. These results indicate little if any inactivation by 1 per cent formal- 
dehyde, and show that free amino groups are not essential for chymotryptic 
activity. With pancreatic amylase (18) and phosphatase (19), however, 
in which free amino groups are essential for activity, 1 per cent formalde- 
hyde produced very extensive inactivation. 
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SUMMARY 


The activity of crystalline chymotrypsin has been studied as a function 
of the oxidation-reduction potential of the digest with a wide variety of com- 
pounds to poise the potential. It was found that the enzyme activity is 
independent of EF, from —400 to +500 millivolts, but that above 500 
millivolts the enzyme is rapidly inactivated by strong oxidizing agents. 

A detailed study has also been made of the effects of ketene, nitrous acid, 
phenyl isocyanate, and formaldehyde upon chymotryptic activity. Re- 
sults with these compounds as well as those with oxidants and reductants 
are consistent in showing that primary amino, sulfhydryl, or disulfide 
groups are not required for chymotryptic activity, while tyrosine constitutes 
an essential group. Chymotrypsin is compared with other enzymes with 
reference to the importance of these groups in determining the activity of the 
enzyme molecule. 
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THE VERATRINE ALKALOIDS 
XXV. THE ALKALOIDS OF VERATRUM VIRIDE 


By WALTER A. JACOBS anp LYMAN C. CRAIG 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, July 16, 1945) 


A review of the literature on earlier investigations of the alkaloid content 
of American hellebore or Veratrum viride Aiton has been given by Seiferle, 
Johns, and Richardson (1). In the earlier work the occurrence of only 
jervine, pseudojervine, and rubijervine had been described. In their study 
they were able to isolate, in addition to these alkaloids, germine and its es- 
ter, protoveratridine. Our own more recent studies of the alkaloids of this 
plant have now added to the list and have also necessitated reinterpreta - 
tions of earlier data. Ina previous paper (2) we have reported on one phase 
of this study concerned with the isolation of pseudojervine and the new 
alkaloid veratrosine, which were characterized as glucosides of jervine and 
veratramine respectively. These substances were found in the alcoholic 
extract of the plant material which followed preliminary extraction of the 
latter with benzene. A study of alkaloids contained in the benzene extract 


_ is the subject of the present report. The yield of partly crystalline crude 


basic material obtained after preliminary purification varied with different 
commercial samples of American hellebore, and any data given as to yields 
can be regarded only as approximations. About 11 gm. were extracted 
from each kilo of material. A preliminary separation of the bases was 
effected essentially as employed by Saito (3) in his study of Veratrum grandi- 
florum Loes. fil. By conversion to the sulfates a large sparingly soluble 
sulfate fraction was first obtained which after reconversion to the free bases 
was then transformed in alcoholic solution to the hydrochlorides. The 
sparingly soluble salt which crystallized was the hydrochloride of jervine, 
the principal alkaloidal constituent. 

From the more soluble hydrochloride fraction a crystalline base was iso- 
lated which agreed very closely in properties with those recorded by Saito 
for veratramine. However, the analytical results obtained with our 
alkaloid were in closer agreement with the fqrmulation C2.7HyO.N than 
with that of CosH;;0.N derived by him. As a check on the identity of our 
substance, it was hydrogenated to a dihydro derivative with properties 
essentially as given by Saito for dihydroveratramine. Our analytical data 
again were more consistent with a formulation, C27HwO.N. Saito’s so 
called “diacetyl’”’ derivative was also prepared. His analytical results as 
well as our own, however, are more satisfactory for a triacetylveratramine, 
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Cy3HyO;N. The latter on saponification with alkali yielded the substanee 
described by him as a “low melting veratramine,” but which we have singe 
found to be the neutral N-acetylveratramine, CogHaO3N. 

Veratramine, therefore, is an unsaturated secondary base which possesses 
two acylatable hydroxyl groups. Since the presence of only one double 
bond was directly shown by hydrogenation, and since it is a secondary and 
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Fig. 1. Absorption spectrum curves. Curve 1, veratramine; Curve 2, dihydro- 
veratramine; Curve 3, the new alkaloid; Curve 4, jervine. 


presumably steroid base, there remained three points of unsaturation to be 
explained. 

Information on this point was derived from the ultraviolet absorption 
spectrum of the alkaloid. Curve 1, Fig. 1, was obtained in ethanol solution 
with the Beckman quartz spectrophotometer. The similarity of the curve 
to that recorded in the literature for neoergosterol (4) and for trianhydro- 
strophanthidin (5), as contrasted to those recorded for simple conjugated 
double bonds, leaves little doubt that the three points of unsaturation are 
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contained in a benzene ring system in veratramine. If this is the case, and 
the alkaloid has the formula C2;H3g0.N, then some modification of the 
regular sterol skeleton must be present, since in a regular sterol with 27 
carbon atoms an angular methyl group would be inconsistent with the 
benzenoid character of the ring to which it is attached. In veratramine the 
heterocyclic portion could not give the ultraviolet absorption spectrum 
noted because of the secondary character of the nitrogen atom. 

Since veratramine forms the glucoside, veratrosine, presumably analogous 
to pseudojervine, it is probable that there is present the usual hydroxyl 
group on carbon atom 3 and since no phenolic hydroxyl can be detected, 
Ring A should not be benzenoid. In work with jervine to be described on a 
later occasion, it will be shown that this alkaloid reacts in a way consistent 
with a hydroxyl group on carbon atom 3 and a A® double bond, since it can 
be converted through a ketone, presumably A‘-jervgne, to an allojervine 
which gives the color test’ of a 3-hydroxy-A‘ derivative. In the case of 
veratramine, although it was changed readily to amorphous material with 
aluminum tertiary butylate, no evidence could be obtained that this was of 
the usual 3-oxo-A‘ character. It appears probable, as a tentative interpre- 
tation, that Ring B rather than Ring C is the site of the benzenoid structure 
and that, in consequence, the usual steroid angular carbon atom 18 attached 
to carbon atom 10 has been shifted in veratramine to carbon atom 1, as has 
been assumed to occur in trianhydrostrophanthidin (6). 

Although the veratrine alkaloids are unquestionably steroid, attempts to 
relate any one of them directly to the sterols by dehydrogenation to Diels’ 
hydrocarbon have in each case given a different result. Rubijervine is 
precipitated by digitonin and gives the transformations of cholesterol (7) 
in regard to a 3(8)-hydroxy-A® structure, but no Diels’ hydrocarbon was 
detected upon dehydrogenation. Instead, a lower melting isomeric hydro- 
carbon (8) was obtained which was shown to possess a phenanthrene ring 
system by ultraviolet absorption spectrum study. Its properties and those 
of its trinitrobenzene derivative approximated closely the values recorded 
in the literature for 1’-methyl-1 ,2-cyclopentenophenanthrene (9). The 
possibility must also be considered, among others, that this hydrocarbon 
ean prove to be 5-methyl-1 ,2-cyclopentenophenanthrene. The formulation 
of the latter would be consistent with a methyl group on carbon atom 1. It 
is now our intention to determine the identity of this hydrocarbon by 
comparison with synthetic material. Although this substance is a high 
temperature product, if it should prove to be 1’-methyl-1 ,2-cyclopenteno- 
phenanthrene, its formation might raise the question as to whether carbon 
atom 15 in rubijervine is the site of a methyl group instead of carbon atom 
13. 

In the case of dihydroveratramine, the absorption curve, Curve 2, Fig. 1, 
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has been found to resemble quite closely that of veratramine, and therefore 
indicates not only retention of the benzenoid structure but that the double 
bond of veratramine which can be hydrogenated is not conjugated with the 
benzene ring. If the base contains the usual angular methyl group op 
carbon atom 13, this double bond would be restricted to Ring D or the sterg| 
side chain which carries the nitrogen atom. 

Contrary to jervine, veratramine was found to be relatively resistant to 
acid and was recovered unchanged when submitted to the action of methy| 
alcoholic HCl. As previously described, veratrosine yields veratramine and 
d-glucose on hydrolysis. 

An appreciable fraction of alkaloidal material remained in solution ag 
more soluble salts after precipitation of the above sparingly soluble sulfate 
fraction. A partial separation of the bases recovered from this fraction 
was effected by chrqmatographing through aluminum oxide. The major 
portion was gradually eluted from the column with benzene which contained 
2.5 per cent of methanol. The crystalline substance which emerged with 
amorphous material in the early fractions proved to be identical with the 
isorubijervine first obtained from Veratrum album. This overlapped into 
later fractions which contained rubijervine. The separation of rubijervine 
from isorubijervine and a relatively large amount of amorphous material 
was effected by taking advantage of the sparing solubility in moist chloro- 
form of rubijervine which contained water of crystallization. 

After the elution of rubijervine, at first only amorphous material was ob- 
tained, but fractions were then encountered from which it was possible to 
isolate a new crystalline alkaloid in very small amount. 12 kilos of plant 
material yielded about 0.5 gm. This alkaloid contained solvent and, after 
preliminary softening, melted up to about 170-175°, then crystallized again 
and remelted at 272-274°. The analytical data suggested a provisional 
formula, Co7HyON (or C27H3g0,N). This was supported by analyses of a 
neutral N-acetyl derivative, CosHyOsN, and of a nitroso derivative, 
Co7HyOsNo. The formation of these derivatives showed the secondary 
basic character of the alkaloid which is thus the third secondary alkaloidal 
base to be isolated in succession to jervine and veratramine (and their glu- 
cosides). The N-acetyl derivative was obtained by saponification of the 
uncrystallized product of the direct acetylation of the alkaloid. The num- 
ber of OH groups involved in this intermediate acetyl derivative was not 
determined. The alkaloid did not react with hydroxylamine. 

The ultraviolet absorption spectrum, Curve 3, Fig: 1, obtained with the 
alkaloid indicates the presence of conjugated double bonds and resembles 
the curve obtained on a previous occasion with jervine (10), except that a 
second but lower broad band with a maximum at 360 my has been found. 
Since the earlier observations with jervine had not been extended so far, 
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the latter has now been reexamined and has been found to exhibit a similar 
second broad band with a maximum at 360 my, Curve 4, Fig. 1. Although 
certain implications might be drawn from these observations, their inter- 
pretation will be left to a later occasion in connection with other data which 
will be available. 

There was evidence of the presence of other crystalline alkaloids in frae- 
tions from which the new alkaloid was obtained but in amounts too small to 
make profitable their study at the moment. Further elution of the column 
with benzene which contained more methanol continued to yield fractions 
of amorphous material from which small amounts of germine were even- 
tually obtained. Germine was more readily isolated, although in small 
amount, by continued extraction with chloroform of the aqueous phase 
which remained after the preliminary removal of the more easily extracted 
major alkaloid fraction discussed above. The identity of this germine was 
confirmed by the preparation of the acetonyl derivative (11). 

A relatively large amorphous fraction of alkaloid material stili remained 
which will require future study. 


EXPERIMENTAL 


Ground roots and rhizomes of commercial Veratrum viride were extracted 
essentially as previously described (2) in portions of 2 kilos with benzene 
and dilute ammonia. The combined benzene extracts from 6 kilos were 
concentrated under reduced pressure and brought to 4 liters in benzene. 
This was extracted repeatedly with portions of a total of 5 liters of 5 per 
cent aqueous acetic acid. The free bases were reprecipitated from the 
aqueous extract with excess 25 per cent NaOH and then reextracted with 
benzene. A small persistent precipitate which gradually separated at the 
interface and retarded separation was discarded and the benzene solution 
after washing with water was dried over sodium sulfate. The remaining 
alkaline aqueous phase by further repeated extractions with chloroform 
yielded the germine to be described below. The benzene solution on con- 
centration to dryness gave a partly crystalline residue of approximately 65 
gm. of a crude alkaloid mixture. The solution of this material in 950 cc. 
of 5 per cent acetic acid was treated with 135 cc. of saturated ammonium 
sulfate solution. The copious rather gelatinous precipitate was warmed, 
which caused partial formation of minute microcrystalline aggregates. It 
was collected with 5 per cent ammonium sulfate solution. The precipitate 
was resuspended in fresh wash solution and recentrifuged several times to 
insure proper washing of the crude sulfate. The soluble sulfate fraction 
contained in the mother liquors was worked up as given below. The sulfate 
was then resuspended in water and treated with excess NaOH solution. 
The mixture was shaken thoroughly with chloroform to redissolve the lib- 
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erated bases. The extract was separated by centrifugation and after 
washing with water was cleared with sodium sulfate and concentrated to 
small bulk. After addition of absolute ethanol, all residual chloroform was 
boiled off. To the mixture (250 ec.), which had partly crystallized, HC! 
(sp. gr. 1.19) was carefully added in slight excess. Immediate deposition of 
jervine hydrochloride occurred. After cooling and collection with absolute 
ethanol, 32 gm. were obtained. Partial concentration of the mother liquor 
under reduced pressure yielded a small additional fraction. If carried too 
far, this material was contaminated with the salt of veratramine. 

When the hydrochloride was dissolved in hot, somewhat diluted ethanol 
and decomposed with ammonia, the base separated as needles which melted 


at 240—-241° (uncorrected). 


[a]=> = —146° (c = 0.99 in absolute ethanol) 
CovHysO;N. Calculated, C 76.18, H 9.24; found, C 76.24, H 9.22 


Veratramine—The mother liquor from crude jervine hydrochloride was 
treated with excess ammonia and carefully diluted to incipient turbidity. 
Veratramine gradually separated as a copious deposit which increased on 
further dilution. The alkaloid was collected with 50 per cent ethanol and 
additional amounts were obtained from the mother liquor. The yield was 
7 to 8 gm. 

On recrystallization from 95 per cent ethanol, it separated as delicate 
needles which melted at 204—207° after preliminary sintering and contained 
water of crystallization; the air-dried material showed no ethoxy] content. 


[a]z = —69° (c = 0.98 for the anhydrous substance in methanol) 


For analysis, the substance was dried at 110° and 0.2 mm. 


Co7H3,0.N. Calculated. Cc 79.16, H 9.60 
Found. (a) ‘“‘ 78.88, ‘* 9.57 
(b) ‘* 78.69, ‘* 9.73 


Saito reported a rotation of [a]! = —70° (ec = 1.065 in methanol) ap- 
parently for the undried material. 

Attempts to raise the melting point to 209.5-210.5° as reported by Saito 
were unsuccessful by simple recrystallization. This was accomplished, 
however, as follows, which suggests that small persistent amounts of con- 
taminating jervine may have been removed in the process. 

0.2 gm. of the product was dissolved with chilling in 4 cc. of methanol 
saturated at 0° with HCl. The solution was allowed to come to room tem- 
perature in a sealed tube. After 1.5 hours the base was recovered by dilu- 
tion, addition of alkali, and extraction with chloroform. It crystallized 
from dilute ethanol as delicate needles and after recrystallization melted at 
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209-210.5°. There was no appreciable depression when mixed with vera- 
tramine. 


[a]> = —68° (c = 0.88 for the anhydrous substance in methanol) 
For analysis, the substance was dried at 110° and 0.2 mm. 
Found, C 79.12, H 9.65 


As a check on its identity, it was acetylated and the product was found to 
be indistinguishable in properties and melting point from the triacetyl 
derivative described below. 

Dihydroveratramine—).2 gm. of veratramine was hydrogenated with 50 
mg. of platinum oxide catalyst in acetic acid solution, as described by Saito. 
The base recovered from the reaction was obtained as leaflets from dilute 
ethanol which melted at 198-200° after slight preliminary sintering. Saito 
reported 197—198°. 

For analysis, it was dried at 110° and 0.2 mm. 


C27HyO.N. Calculated, Cc 78.77, H 10.05; found, C 78.75, H 10.10 


Triacetylveratramine—This was prepared, essentially as described by 
Saito, by boiling in acetic anhydride but for only 30 minutes. The residue 
obtained on concentration crystallized directly from dilute ethanol. On 
recrystallization from 95 per cent ethanol, it formed needles which at about 
120-130° showed a change in appearance, presumably due to loss of solvent, 
and then melted at 204-206° after preliminary sintering. Saito reported 
205-206.5° for his “‘diacetylveratramine.”’ 

For analysis, it was dried at 110° and 0.2 mm. 


C3sHyO;N. Calculated. C 73.97, H 8.47 
Found. (a) ‘* 74.00, ‘* 8.25 
(b) ‘* 74.09, ‘* 8.47 


Acetylveratramine—80 mg. of the triacetyl derivative were refluxed for 2 
hours in 2 cc. of 2 N NaOH in absolute ethanol. On dilution to incipient 
turbidity, it gradually crystallized. When recrystallized from dilute 
ethanol, it formed almost rectangular leaflets which melted at 177—180° 
after slight preliminary softening. Saito reported 179-180°. . It did not 
dissolve in dilute acids. 

For analysis it was dried at 110° and 0.2 mm. 


CxsHwO;N. Calculated, C 77.11, H 9.16; found, C 77.07, H 9.21 


The combined mother liquor and washings of the crude insoluble sulfate 
fraction were made alkaline and repeatedly extracted with chloroform. 
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The washed extract was cleared with sodium sulfate and concentrated. A 
resinous residue of mixed bases was obtained which varied in different ex- 
periments from 16 to about 25 gm. for 6 kilos of plant material. 

32.5 gm. of mixed bases were dissolved in 200 cc. of benzene and passed 
through a column of 650 gm. of active alumina. Attempted elution with 
twelve 100 cc. portions ef benzene was ineffective and so 2.5 per cent 
of methanol in benzene was used. After a liter had passed through, dis- 
solved material began to emerge from the column and was collected in 100 
ec. portions. The amounts obtained in each fraction after removal of sol- 
vent are recorded in Table I. Data obtained beyond Fraction 32, how- 


TABLE I 


Chromatogram of Bases from Soluble Sulfate Fraction 


Fraction No. | Weight eluted Fraction No. Weight eluted 
2.5% methanol 5% methanol 
gm. gm. 
1 0.37 17 0.05 
2 1.9 18 0.05 
3 3.05 19 0.05 
4 4.1 20 0.05 
5 3.6 21 0.05 
6 | 3.0 22 0.06 
7 2.02 23 0.08 
s 1.35 24 0.10 
9 1.05 25 0.10 
10 0.71 26 0.10 
11 0.35 27 0.15 
12 0.27 28 0.19 
13 0.17 29 0.18 
14 0.15 30 0.14 
15 0.09 31 0.10 


16 0.05 32 0.09 


ever, in which 10 per cent methanol was employed, are not recorded. 
About 70 per cent of the original weight was recovered in Fractions | 
through 15. 

Each fraction up to Fraction 16 was dissolved in a small volume of chloro- 
form and treated with a few drops of water to furnish water of crystalliza- 
tion for rubijervine. The latter crystallized only on seeding in small 
amount in Fraction 5, then in gradually increasing relative amounts up to 
Fraction 15, and again diminished. In each case it was collected with moist 
chloroform. The combined yield was 1.5 gm. On recrystallization from 95 
per cent ethanol, it crystallized as needles which melted at 242-244°. 
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la]lp = +20.5° (c = 0.97 in absolute ethanol) 
For analysis, it was dried at 110° and 0.2 mm. 
Cx7FHwO.N. Calculated, C 78.38, H 10.49; found, C 78.38, H 10.61 


Fractions 2 to 5 (after filtration from rubijervine) were concentrated to 
remove chloroform, and the residue was dissolved in ethanol. On careful 
dilution, isorubijervine crystallized copiously as needles and was collected 
with 70 per cent ethanol. 2.3 gm. were obtained, which melted at 216°. 

The rubijervine mother liquors of Fractions 6 to 15 were combined and, 
after removal of chloroform, vielded slowly an additional 1.2 gm. of crude 
isorubijervine. 

On recrystallization from dilute ethanol, isorubijervine was obtained 
which contained solvent and melted at 213—-215° after preliminary sintering. 

For analysis, it was dried at 110° and 0.2 mm. 


Found, C 78.42, H 10.57 


In other cases, the relative and absolute yields of the two alkaloids varied 
considerably and appeared to depend somewhat upon striking optimum 
manipulative conditions for their separation from the larger amount of still 
uncharacterized alkaloid material. 

The Alkaloid Co;zHgOwN (or Co7H3g0,N)—As Fraction 16 emerged from 
the column, the eluting solvent was changed to 5 per cent methanol in ben- 
zene. Fractions 20 to 32 were found to contain a new alkaloid which erys- 
tallized from a methanol solution of the residues obtained after removal of 
the eluting solvent. Crystallization was induced by seeding with material 
obtained in preliminary work. The yield was 0.48 gm. In another ex- 
periment, 44 gm. of chromatographed alkaloid mixture (from 12 kilos of 
plant material) yielded 0.5 gm. of the new alkaloid. 

On recrystallization from methanol, it formed six-sided platelets, some 
sufficiently long and narrow to constitute needles. After preliminary sin- 
tering above 130°, it gradually softened to a melt with effervescence at 
about 170-175°, crystallized again on further heating, and then melted at 

72-274°. It dissolved readily in chloroform, acetone, appreciably in ben- 
zene, rather sparingly in methanol or ethanol, and very sparingly in ether. 


lajp = —78° (c = 0.63 in methanol) 


It contained solvent and for analysis was dried at 110° and 0.2 mm. 


CowHyO iN. Calculated. C 73.08, H 9.32 
Co7H3sO.N. - “ jaan,” oan 
Found. (a) ‘* 73.41, ‘* 9.30 

(6) * 73.10, “* 942 

(c) * 72.93, ** 9.24 
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The new alkaloid did not yield a sparingly soluble sulfate. The hydro- 
chloride crystallized in the presence of excess dilute HCl. 

The N-Acetyl Derivative—The alkaloid was boiled for a minute with acetic 
anhydride. After decomposition with water, the mixture was directly 
extracted with chloroform. The latter after concentration left a resin of 
the polyacetyl derivative which did not crystallize. It was dissolved in a 
small volume of methanol, treated with excess alkali, and boiled a few 
minutes to saponify the ester groups. The diluted mixture was acidified 
with H,SO, and all neutral material was extracted with chloroform. The 
latter on concentration yielded a resin which finally crystallized from a 
small volume of dilute methanol. It formed flat micro prisms or short 
broad needles which contained solvent and melted at 168-170°. 

For analysis, it was dried at 100° and 0.2 mm. 


CxHwO.N. Calculated, C 71.70, H 8.93; found, C 71.41, H 9.07 


The Nitroso Derivative—50 mg. of the alkaloid were dissolved in 2 cc. of 
water and 0.2 ce. of acetic acid. Upon addition of sodium nitrite solution, 
it soon became a mass of crystals. After standing, the mixture was ex- 
tracted with chloroform and the extract was shaken with dilute H.SO,, then 
with water, and dried. This yielded on concentration material which crys- 
tallized from dilute ethanol as lustrous, microscopic, six-sided platelets, and 
melted at 263-265°. 

It contained solvent and for analysis was dried at 110° and 0.2 mm. 


CeorHyOsN2. Calculated. C 68.60, H 8.53 
Found. ** 68.91, “* 8.48 


Germine—The above alkaline aqueous phase which remained after re- 
extraction of the crude alkaloid mixture with benzene was subsequently 
extracted twelve times with chloroform. The combined extracts after 
drying and concentration yielded a residue of 1.8 gm. When dissolved in 
methanol and seeded with germine, crystallization occurred. 0.23 gm. of 
alkaloid was obtained, although continued extraction of the aqueous phase 
yielded additional amounts of the alkaloid. On recrystallization from 
methanol, it formed small prisms which melted gradually at 163—-168° toa 
paste filled with bubbles. 


[a]J> = +5° (c = 0.97 in 95% ethanol) 
For analysis, it was dried at 110° and 0.2 mm. 
Cx;HgOsN. Calculated, C 63.61, H 8.51; found, C 63.52, H 8.70 


For further characterization, the acetonyl derivative was prepared as 
previously described (11) for acetonylgermine through the hydrochloride, 
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which was then converted to the free base. The latter agreed in melting 
point and other properties with acetonylgermine. 


CyoHyvOsN. Calculated, C 65.53, H 8.62; found, C 65.92, H 8.66 


All analytical data reported here were obtained by Mr. D. Rigakos of 
this laboratory. 


SUMMARY 


A study of the alkaloids contained in the benzene extract of the roots and 
rhizomes of commercial Veratrum viride Aiton has resulted in the isolation 
of rubijervine, isorubijervine, jervine (the preponderating base), veratra- 
mine, germine, and a new alkaloid, C27HgwO.N (or Co7H390,N). The for- 
mulation of veratramine has been revised to C27HyO2N. A triacetyl 
derivative is formed on acylation which by saponification yields an N- 
acetylveratramine. Absorption spectra data consistent with a benzenoid 
structure have been obtained with the alkaloid and its dihydro derivative. 
It must therefore possess four double bonds. In interpreting its structure, 
a rearrangement of one of the usual steroid angular methyl groups has been 
considered. 

The new alkaloid, Cy7H ON, is also a polyhydroxy secondary base which 
yields an N-acetyl derivative and a nitroso derivative but no oxime. 
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THE MINERAL COMPOSITION OF HUMAN EPIDERMIS* 


By V. SUNTZEFF ann CHRISTOPHER CARRUTHERS 


(From the Barnard Free Skin and Cancer Hospital, and the Department of Anatomy, 
Washington University School of Medicine, St. Louis) 


(Received for publication, July 30, 1945) 


Our investigations on epidermal methylcholanthrene carcinogenesis in 
mice have demonstrated the utility of certain methods of direct chemical 
analysis of epidermis (1,2). It seemed desirable to apply these techniques 
to normal human epidermis with the idea of later investigating human 
squamous cell carcinomata and of comparing the chemical changes in epi- 
dermal carcinogenesis in human and mouse epidermis. 


EXPERIMENTAL 


The epidermis was cleanly separated from the dermis by the procedure 
of Baumberger, Suntzeff, and Cowdry (3). Weighed samples of the epi- 
dermis (250 to 600 mg., wet weight) were completely ashed at 450° in a 
muffle furnace in silica crucibles, and the mineral content on the hydro- 
chloric acid solution of the ash (one sample was used for the determination 
of one metal) was determined as follows: sodium polarographically as 
sodium uranyl zine acetate (4); magnesium polarographically as magnesium 
hydroxyquinolate (5); potassium as potassium chloroplatinate by the pro- 
cedure of Consolazio and Talbott (6); and calcium as calcium oxalate by the 
method (on a micro scale) of Lindner and Kirk (7). Due to the fact that a 
considerable area of skin is required to give sufficient epidermis for a 
single analysis, some of our samples were limited to a single determination 
of one of the metals. However, in cases of leg and arm amputations and of 
radical breast removals,' sufficient epidermis was made available for meas- 
urements of two to four of the metals (potassium, sodium, calcium, and 
magnesium) in duplicate. Skin removed from gangrenous legs was taken 
at a considerable distance from the lesion, as were also samples involving 
osteosarcomas. Breast skin was used only if it appeared normal and was 
not adjacent to areas of induration. In all cases the whole skin was re- 
moved as soon as possible after operation, and after the epidermis was 
washed with distilled water it was separated from the dermis. Specimens 


* Aided by grants from The International Cancer Research Foundation, the 
National Cancer Institute, and an anonymous donor. 

! The authors are indebted to Dr. P. A. Wheeler, Dr. J. A. Saxton, and Dr. D. 8. 
Verda of the City Hospital, St. Louis, for the skin from diabetic and arteriosclerotic 
legs, and to Dr. M. G. Seelig and Dr. Z. Cooper of this hospital for forearm and breast 
skin. 
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of all samples were fixed and stained for histological control to insure our 
dealing with normal epidermis. Prior to operation, some of the samples 
had been painted with metaphen, but a comparison of the analyses between 
painted and unpainted areas did not reveal any significant differences in 
metal content. 


Tasie | 
Mineral Composition of Human Epidermis 





Metal per 100 mg. epidermis 






































Sample | Sout — 
| K | Na | Mg | G 
mg. | mg. | meg. mg. 
Leg, diabetic gangrene 72 M. | 0.279 | 0.111 | 0.021 
a a a |79 “ | 0.284 | 0.115 | 0.018 
i “ “ 73 ‘* | 0.288 | 0.112 | 0.019 
as 1 " — 0.182 | 0.021 
“oe “ 0.308 | 0.162 | 0.018 | 0.014 
PY gill “ « | 0.279 | 0.122 | | 
‘* arteriosclerotic gangrene 167 “ | 0.275 | 0.104 0.019 
“ wy - rs | 0.304 | 0.016 
«“ 59 “ | 0.278 | 0.140 | 0.018 | 0.014 
Arm, osteogenic sarcoma “ | 0.301 0.110 | 0.017 | 0.018 
“ “ “ (60 “ | 0.313 | 0.120 | 0.015 | 0.015 
Leg, arteriosclerotic gangrene 149 “ | 0.341 | 0.111 | 0.021 
** diabetic gangrene 65 “ | 0.353 | 0.102 | 0.018 | 0.014 
ee sas “ ** | 0.330 | 0.109 0.017 
oe “ “ 59 “ | 0.333 0.014 
“ ee ee 67 “ | 0.334 | 0.138 
. - “ 64 F. | 0.348 0.144 | 0.016 | 0.016 
O55 ee | 66 M. | 0.357 | 0.018 
Leg, not gangrenous 19 ‘* | 0.374 | 0.137 | 0.017 | 0.015 
Arm, osteogenic sarcoma |15 F. | 0.377 0.018 
Breast carcinoma | 52 * | 0.345 0.015 
“ “ 39 « | 0.371 | 0.103 | 0.020 | 0.015 
EGE eS | 0.322 | 0.122 | 0.018 | 0.015 
Results 


In our preliminary work, in which there was only sufficient epidermis for 
a single analysis or for an analysis in duplicate, fourteen samples contained 
0.263 to 0.277 mg. of potassium per 100 mg. of epidermis and six others had 
0.304 to 0.340 mg. per 100 mg. In the same category sixteen samples of 
epidermis had 0.014 to 0.018 mg. of calcium per 100 mg. of epidermis. 
These samples for both metals were from amputations of legs showing 
diabetic gangrene, excised carcinomatous breasts, and one from a leg with 


osteosarcoma. 
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The results on the samples of skin from one area of the body which suf- 
ficed for the determination of two to four of the metals in duplicate are 
shown in Table I, and are expressed as mg. of metal per 100 mg. of epi- 
dermis. The values for the potassium content of these samples are tabu- 
lated in two groups; in one they varied from 0.275 to 0.313, in the other 
from 0.330 to 0.372 mg. per 100 mg. In the limited samples available there 
appeared to be no relationship between potassium content and the age 
or sex of the individual, the kind of associated lesion, or the location of the 
skin. The sodium contents were less uniform. The amounts of mag- 
nesium and calcium are in good agreement and the contents of calcium 
are about the same as those reported above in which there was only sufficient 
skin for the determination of one metal. The over-all average of each metal 
per 100 mg. of epidermis was as follows: 0.322 mg. of K, 0.122 mg. of Na, 
0.018 mg. of Mg, and 0.015 mg. of Ca. 

The technique used for separating the epithelial cells (epidermis) from 
the underlying dermis (3) has the advantage of giving pure cellular material 
for chemical analysis, a procedure which has made possible our studies on 
epidermal carcinogenesis in mice (2) and should be of obvious value for 
other investigations. The same method may well be employed to collect 
pure samples of other epithelia (buccal mucous membrane, nasal mucous 
membrane, etc.) for biochemical investigations. 


SUMMARY 


The mineral composition of human epidermis with respect to potassium, 
sodium, calcium, and magnesium was investigated. The average amount 
of each metal per 100 mg. of epidermis was 0.322 mg. of K, 0.122 mg. of 
Na, 0.018 mg. of Mg, and 0.015 mg. of Ca. With the limited material at 
our disposal no relationship between the mineral content and the age, 
sex, the associated lesion, or the location of the skin was apparent. 
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The procedure to be described was devised for the purpose of determining 
the amount of free or uncombined formaldehyde in bacterial toxins during 
the process of rendering them non-toxic. The determination of formalde- 
hyde is made without changing the pH and without diluting the sample to 
be tested. Disturbance of amino acid-formaldehyde equilibria existing in 
solution is therefore minimum. 

The following principle is employed in the diffusion procedure. Formal- 
dehyde vapor is allowed to diffuse from the surface of a solution to be 
analyzed into a membrane containing phenylhydrazine hydrochloride. A 
red color is developed in the membrane by adding ferricyanide and acid 
and compared with colors developed at the same time in a similar manner 
from standard solutions of formaldehyde. 

The outstanding merit of the phenylhydrazine-ferricyanide reaction for 
formaldehyde as applied in this procedure is its remarkable sensitivity. 
Notwithstanding the very low volatility of formaldehyde in dilute solutions, 
samples containing 2 to 1000 y of formaldehyde per cc. are suitable for 
analysis. Presumably only a small proportion of the formaldehyde in or 
near the surface of the solution takes part in the reaction. 

Rimini (1) evidently first used phenylhydrazine in a colorimetric test 
for formaldehyde. As modified by Schryver (2) and others (3, 4), the 
reagents have been used to test for free formaldehyde. In these methods 
the reagents (one of which was fairly concentrated HCl or NaOH) were 
added to the solution to be analyzed. The color that was developed de- 
pended, in part, on the amount of formaldehyde which remained dissociated 
from combinations with amino acids after the addition of the reagents. 

The procedure and apparatus are designed so that the formaldehyde can 
be determined to +10 y per cc. in solutions containing less than 200 y 
per cc. and to +5 per cent for higher concentrations.‘ The procedure is 
performed with apparatus which is readily constructed and a technique 

* The work described in this paper was done under a contract, recommended by the 


Committee on Medical Research, between the Office of Scientific Research and Devel- 
opment and the University of Cincinnati. 

1 From 0 to 20 y results (+2 y) can be obtained with a cellulose nitrate film. With 
the Visking membrane, concentrations higher than 1000 y per ec. can be@letermined 
with slight sacrifice in accuracy. 
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which is easily mastered. Significant changes in formaldehyde concentra- 
tions during the detoxication process are easily and quickly determined on 
small samples of toxin-toxoid. 

The method has been applied to the investigation of combinations of 
formaldehyde with amino acids over a wide range of pH. It has been 
found that the rate at which formaldehyde diffuses from pure dilute solu- 
tions is dependent on the pH of the solution. These variations with pH 
are recorded and discussed. 


EXPERIMENTAL 


A pparatus— 
Test block (Fig. 1). Twenty holes, 0.25 inch apart, are drilled with a 


0.75 inch drill in two rows equidistant from the center line on a block of 
resin (such as Lucite, Plexiglas, or Formica) measuring 2.25 X 1 X 12 inches. 
The large diameter of the drill is allowed to penetrate the block 0.3 of an 
inch. A block drilled to a depth of 0.5 inch is satisfactory and may be 
preferable when the concentrations of formaldehyde to be determined are 
500 to 1000 y per cc. (Holes drilled to a depth of 1 inch have not been 
satisfactory.) 

The block is now paraffined. The holes are filled with molten paraffin 
and the excess paraffin is removed by vigorously shaking the block upside 
down. Lucite was selected from the currently available resins because 
the surfaces of the blocks were plane. Formica blocks have the same 
advantage.? A drilled Formica block should be heated to 100° until it 
gives a negative test for formaldehyde when exposed to the membrane 
containing phenylhydrazine hydrochloride. It should be paraffined fre- 
quently. 

Glass plate for Visking membrane. Photographic plates 14 X 3 X 0.06 
inches are excellent for this purpose. The plates should be cut 1 inch wider 
than the test block. 

Glass container for phenylhydrazine solution. A cuboidal glass container 
approximately 4 X 5 X 3 inches deep, with cover. A refrigerator dish is 
suitable. 

White opaque glass plate. A white opaque glass plate 4 X 14 X 0.25 
inches thick to be used as a background for matching color. 

Visking cellulose sausage casing. A roll of Visking cellulose sausage 
casing 1.875 inches wide is used for the membrane (Visking Corporation, 
Chicago). This should be stored at room temperature. 

Reagents— 

1 per cent phenylhydrezine hydrochloride. 3 gm.of recrystallized phenyl- 

* Formica was kindly supplied by the Formica Insulation Company, Cincinnati, 
Ohio. 
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hydrazine hydrochloride are dissolved in 300 cc. of distilled water (prepare 
fresh daily). 

10 per cent potassium ferricyanide. 20 gm. of solid ferricyanide are dis- 
solved in 200 cc. of distilled water. 

Approximately 3.6 n HCl. 300 ce. of concentrated HCl are diluted to 
1 liter. 

Standard Formaldehyde Solution—A procedure for the standardization of 
concentrated (1 to 12 m) formaldehyde solutions has been previously 
described (5). Standard solutions (0.001 to 0.03 m) suitable for use in this 
diffusion procedure can be prepared by diluting standardized formalin 
solutions. Identical results are obtained by standardizing solutions pre- 
pared by hydrolysis and distillation of paraformaldehyde as described by 
Weinberger (6), or from commercial formaldehyde, the methyl alcohol of 
which is removed by refluxing, as described by Blair and Ledbury (7). 





Fig. 1. Test block 


If the pH of a solution to be tested lies between 3.0 and 7.0, the dilution 
of the standards can be made with distilled water. Addition of phthalate 
or acetate buffer in the range of pH 3.0 to 7.0 makes no difference in the 
results. Variations of salt concentrations to the extent of 1.0 m are without 
influence. 

If the pH of a solution to be tested is above 7.0 or below 3.0, the pH of the 
standards must be adjusted to correspond with that of the unknown within 
0.1 pH unit. Phosphate or borate buffers or sulfuric or hydrochloric acid 
added to make the solution 0.1 M may be employed to aid in maintaining 
a suitable pH. 

The addition of 0.001 per cent sodium dodecyl sulfate to the standards 
facilitates pipetting the solutions so that they lie evenly in the depressions 
of the test block and with a meniscus approximating in shape that of 
many toxoids. Omission of dodecyl sulfate makes no difference in the 
results. 

For testing toxoids dilute standards containing from 20 to 1000 y per 
ec., differing serially by 20 y per cc., may be employed. 
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Solutions buffered at pH 1.0 to 6.0 are stable for more than a week at 
1°. Solutions buffered at pH 7.0 to 9.5 do not change for 24 hours at 4°, 

Procedure—A small roll of Visking membrane (a sufficient amount for 
1 day’s use) is soaked in 1.0 per cent phenylhydrazine-hydrochloric acid 
solution in the glass container for at least a half hour before use. (The 
membrane may be left in the solution for the remainder of the day.) When 
the membrane is ready for use, it is pulled over the edge of the container 
onto a glass plate, so as to cover the entire length of the plate. The mem- 
brane is cut at the end of the plate and its surface iswviped with a clean 
cloth, thereby removing any adherent liquid, wrinkles, or bubbles of air 
which appear between the glass and the cellophane. The membrane is 
now ready for use. 

1 cc. quantities of standard formaldehyde solutions and 1 cc. quantities 
of the unknown containing 20 to 1000 y per cc. are introduced into the 
holes of the test block. Standards are prepared so as to contain 20, 40, 
60, 80, 100 y, ete., of formaldehyde per cc. 

The plate membrane is placed over the holes in the test block. A small 
weight is put on the plate to hold it firmly against the block. ‘The mem- 
brane is exposed for about 30 minutes for formaldehyde concentrations 
between 20 to 100 y per ce., 15 minutes between 100 and 200 y per cc., 
5 minutes between 200 and 300 y, and 2 minutes for higher concentrations 
up to 1000 y per cc. 

At the end of the exposure to the formaldehyde the plate membrane is 
removed from the test block and approximately 200 cc. of ferricyanide 
solution are poured on the exposed surface. The same quantity of 3.5 
N HCl is poured on the membrane, and the red color develops almost im- 
mediately. In order to remove all excess ferricyanide the plate membrane 
is given a second washing with the same quantity of 3.5 N HCl. Excess 
reagent is wiped off and the glass plate with the membrane uppermost is 
placed against the white opaque glass background to match the unknown 
colors with the standard ones. 

When many samples are to be tested of which the concentrations are not 
known even approximately, the following procedure saves time. All the 
samples are tested at the same time against standards which differ serially 
by 50 to 100 y per cc., depending on the probable spread of the concentra- 


tions of the unknowns. The membrane is exposed to the formaldehyde 


solutions in the block for 5 minutes. Samples of which the concentrations 
must be determined with greater accuracy are again tested against suitable 
standards which differ serially by 20 y per cc. and are exposed for the times 
suggested above. 

Preparation of Cellulose Nitrate Plate Films—The following procedure for 
the preparation of plate films was employed in this laboratory for more 
than 9 months. The apparent intensity of color produced on these films 








=lC Ol 


Le 





M. J. BOYD AND M. A. LOGAN 575 


is at least twice as great as that produced on the cellophane membrane. 
1 to 2 y of formaldehyde produces a readable color on the films. The 
procedure is therefore to be preferred for the estimation of concentrations 
of formaldehyde from 0 to 20 y per cc. An exposure time 50 to 75 per cent 
of that recommended for the cellophane plate is adequate and the color is 
developed as described for that, procedure. 

For the determination of free formaldehyde, in many toxoids the cello- 
phane membrane is preferred because a minimum of skill is required in its 
preparation. 

Apparatus— 

Turntable (optional). A smooth board 14.5 inches long and 3.5 inches 
wide is mounted at its center on a vertical shaft in a bearing. The device 
is equipped with a brake. The surface of the board should be capable of 
rotation in a horizontal plane. 

Reagents— 

10 per cent nitrocellulose. A 10 per cent solution of nitrocellulose is pre- 
pared by dissolving 143 gm. of nitrocellulose (type 7720 4 second PXP con- 
taining 43 gm. of alcohol) in 457 cc. of aldehyde-free ethyl alcohol and 500 
ec. of ether. This stock solution is stored in the cold room. 

0.6 per cent phenylhydrazine hydrochloride. The phenylhydrazine hydro- 
chloride is prepared by dissolving 3 gm. of recrystallized phenylhydrazine 
hydrochloride in 450 ec. of aldehyde-free ethyl alcohol and 50 cc. of ether. 
This solution is also kept in the cold room and should be prepared fresh 
each week. 

Nitrocellulose-phenylhydrazine mixture. Equal quantities of 10 per cent 
nitrocellulose and 0.6 per cent phenylhydrazine hydrochloride are mixed 
in a graduate cylinder by inverting the cylinder several times. Approxi- 
mately 30 cc. of this mixture are used in preparing each plate film. This 
mixture is to be prepared fresh each day. 

Potassium ferricyanide solution and 3.5 N hydrochloric acid are prepared 
as described for use with the cellophane membrane. 

Preparation of Plate Film—Kither of the following methods may be used 
satisfactorily. 

1. A clean thin glass plate is placed in a horizontal position on a large 
level sheet of glass. With one stroke, the nitrocellulose-phenylhydrazine 
mixture is poured on the plate so as to cover it completely. The plate is 
immediately tipped upon its edge with the long axis still horizontal and 
allowed to drain 5 seconds. The plate is then laid flat on the level glass 
surface and permitted to dry for 3 minutes at 30° or 5 minutes at 25° in 
still air. When the plate film is made in this manner the unknowns and 
formaldehyde standards must be placed in the same row of holes in the 
test. block. 

2. A thin glass plate is placed with its center opposite the center of a 
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level turntable. A streak of beeswax at each end of the board will keep 
the glass in place. With one stroke the plate is covered with the nitro- 
cellulose-phenylhydrazine mixture. The turntable is immediately spun 
so as to make two complete revolutions in approximately 1 second. Plate 
films made by spinning at double this speed are not satisfactory. After 
three or four revolutions the brake is applied. The plate is immediately 
placed on a level surface and dried for 3 minutes at 30° or 5 minutes at 25°. 
The colored spots produced by the same standards placed in both rows of 
holes in the test block will be identical for plate films prepared in this 
manner. 

The prime objective in pouring the plate is to prepare a film which is 
uniform in thickness over the area which is to be exposed to the solutions. 
The technique employed should be tested by preparing films containing 
a dye, such as methyl red, and noting the uniformity of the film or by 
developing the color of the same standard placed in various holes in the 
test block. 

The directions given above have worked satisfactorily at room tempera- 
tures from 25-30° and relative humidities of 60 to 75 per cent. Unusual 
atmospheric conditions might necessitate changes in the drying time. If 
the plate is too moist (too much solvent present), the color developed will 
be spotty. If the plate is dried too long, less than the usual amount of 
color will be developed. When the film is properly dried, the surface is 
still tacky and the odor of ether has for the most part disappeared. 

Effect of Added Substances on Diffusion of Formaldehyde—It is shown 
(Table I) that redistilled acetone added to make the concentration 0.025 m, 
redistilled ethyl or methyl alcohol added to the extent of 0.5 m, or sodium 
chloride added to make the concentration 1.0 m did not influence the amount 
of color produced by a solution 0.01 M in respect to formaldehyde at pH 
5.0 when compared with a 0.01 m formaldehyde solution at pH 5.0 without 
the additions. Similarly 0.01 per cent sodium dodecyl sulfate did not 
influence the results. Higher concentrations of the volatile substances 
decreased the color obtained. Concentrations of acetaldehyde greater 
than 0.001 m appreciably decreased the amount of color obtained. 20 
cc. portions of solutions which were 0.1 M in respect to acetaldehyde and 
0.01 M in respect to formaldehyde were aerated with a rapid current of air 
for 30 minutes and the solution made to its original volume. The original 
concentration of formaldehyde remained unchanged. 

When the Schryver reagents are added to the solution to be tested, the 
resulting reaction is far from specific for formaldehyde (8). As used in this 
diffusion procedure, the reaction is more nearly specific. Compounds in- 
cluding lactic, pyruvic, malic, and tartaric acids, glycerol, and glycine, 
which are said to give rise to color when the reagents are added to the 
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solution (8), produce no coloration in the membrane used in the diffusion 
procedure. 

Effect of pH on Diffusion of Formaldehyde from Solution—As shown in 
Fig. 2 the amount of color produced in the membranes in a given time by 
0.01 m formaldehyde solution is constant if the pH is between 3.0 and 7.0. 
As the pH of the solutions is increased above 7.0 or decreased below 3.0, 
the amount of color produced in the membrane is increased. Similar re- 
sults are given by 1.0 and 0.005 solutions of formaldehyde. 

To determine the influence of pH on the diffusion of formaldehyde, buffer 
solutions made according to Clark (9) were added to standard formaldehyde 
solutions so that the concentration of formaldehyde would be 1.0, 0.01, 


Taste I 
Effect of Added Substances on Diffusion of 0.01 u Formaldehyde Solution 














Substance added Concentration Formaldehyde found 
M ¥Y per cc. 

SR ns dain Cae bd Oates eee ere 300 
SEE 5 i.c'csus cans ued on ewees 0.025 300 

ee il velesseeeea bers sue 0.5 280-290 
Methyl alcohol. .............. 0.5 300 
os Se PAN 1.0 280 
Ethyl e. iA copaaeny cues 0.5 300 
o eee « Te fy! Pee 1.0 290 
ere ee Ce 0.005 240 

sgl Pe TIER ye 0.001 290-300 
se RS tT 0.1 (Aerated 30 min.) 300 
Sodium chloride.............. 1.0 300 
“ 7 Na aeeeee ee 0.5 300 

per cent 

Sodium dodecyl sulfate... ... 0.01 300 





or 0.005 m in 0.1 m buffer solution. Comparable tests in 0.05 m buffers 
(above pH 1.0) gave similar results. 0.1 N hydrochloric acid, 0.1 N sulfuric 
acid (pH 1.0), phthalate (pH 2.4 to 5.6), acetate (pH 4.0 to 6.0), phosphate 
(pH 6.4 to 7.4 and 11.6), and borate (pH 8.6 to 9.6) buffers were used. 

The color produced by the formaldehyde solutions at different pH values 
was compared with standard formaldehyde solutions buffered at pH 4.0, 
which differed serially by 20 y of formaldehyde per cc. 

If the pH of a formaldehyde solution is changed from 1.0 or 9.0 to 4.0 
or vice versa, the formaldehyde rapidly attains a rate of diffusion corre- 
sponding to the new pH. 

The phenomenon is obviously a consequence of the dipolar characteristics 
of formaldehyde (10-15). The change in rate of depolymerization with the 
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change in pH found by Wadano, Trogus, and Hess (13) is similar to that 
which we have found in respect to the rate of diffusion. 

It may be presumed that the change in diffusion with changes in pH 
is dependent on the extent of anionic or cationic dissociation of the formal- 
dehyde. Whether or not that dissociation manifests itself by increased 
concentration of the ions in the surface layers or decreased polymerization 
in the surface layers, or both, has yet to be shown. 

Combination of Dilute Formaldehyde with Amino Acids—The extent to 
which amino acids combine with dilute formaldehyde at different pH 
values was compared in the following way. 





Zs- 0.005 M CH20 
© - 0.01 M CH20 
© - 1.0 M CH20 

















PERCENT APPARENT INCREASE IN HCHO FOUND 
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Fig. 2. Effect of pH on the diffusion of formaldehyde from solution 


A series of formaldehyde standards which differed serially by 20 y per 
ec. from 20 to 300 y of formaldehyde was prepared in 0.1 m buffers at 
several pH values. Phthalate (pH 3.4 and 5.0), phosphate (pH 6.6, 7.4, 
and 11.6), and borate (pH 9.0) buffers were employed and prepared accord- 
ing to Clark (9). 0.1 N H.SO, was used for pH 1.0. The solutions con- 
tained 0.004 per cent of suitable indicators (thymol blue, brom-phenol 
blue, brom-cresol green, brom-thymol blue, phenol red, or tropaeolin OO). 

Each amino acid-formaldehyde solution was prepared so that the con- 
centration of amino acid was 0.1 m (or 0.01 m for the least soluble ones), 
formaldehyde 0.01 m (300 y per cc.), and buffer and indicator similar to that 
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in a series of formaldehyde standards. The pH of each was adjusted with 
NaOH or H,SO, to correspond, as judged colorimetrically, with that of the 
appropriate series of buffered formaldehyde standards. 

The amino acid-formaldehyde solutions were compared against standards 
1 hour and 24 hours after mixing. These reactions were carried out at 
room temperature (25°). 


TaB_e II 
Combination of 0.01 uw Formaldehyde with Amino Acids at 26° during Period of 1 Hour 
after Mixing 
Each amino acid solution was 0.1 mM with the exception of tryptophane and tyro- 
sine. The total formaldehyde concentration of each solution was 0.01 m (300 y 
per cc.). 
The results are expressed in micrograms per cc. 





CH:0 remaining in solution 
Amino acids 
pH 1.0 | pH 3.4 | pHS.0 | pH 7.4 | pH9.0 | pH 11.6 














— | 
| | 
ee 2 oe ae | | | 300 | 300 | 20-40 


I on iisslnccnrcdee semen eal | 300 300 | 60-80 
dl-8-Phenylalanine. ................ 300 |280 





EE Cpe eae | 300 | 300 (150 
l(—)-Proline..... d's ad aa 300 | 
IID. 5 o.oo 0ssde vsasdesoweend | | 220* | 
i(—)-Leucine... ne ESS Ae | 300 | 200* | 
l(—)-Tyrosine (0.01 m).............. | / 300 (280 
l(+)-Glutamie acid.......... rer | 300 | 220* 
M4+-)-Aspartic “ .............4.. | | | | 300 | 220° | 
epmiethionine.. ....j.....f...-.¢. ” | 300* | 150 
M+)-Lgsinet.....2...... ie | 300 | 30 | 70 
l(+)-Argininef.......... Dae 300 70 | 
REE eae Saree: .....| 280 | 280 | 280 | 240 | 50 | 
dl-Threonine............. Leseeesee.| 270 | 250 | 240 | 90* | 5-10 | 
dl-Tryptophane (0.01 m)............| 2 | 240 140 | 240 | 
l(—)-Histidinet......... ate 240 =| 20 | 150 | 0 | | 
is . ss iabbecesinthe ..| 1-2 0 | 0 | 








* Identical results were obtained 24 hours after mixing. 
t Added as the monohydrochloride. 


As is shown in Table II, a combination of formaldehyde and several 
amino acids which are not substituted in the 8 position is evident with the 
concentrations employed only at a pH above 9.0 or in some cases above pH 
74 The reaction which occurs goes to completion promptly. 

The extent of the reaction between formaldehyde and serine, threonine, 
and cysteine increased in the order given (Fig. 3; Table II). All three 
amino acids show some combination with formaldehyde below pH 7.0 
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and in the case of cysteine essentially all formaldehyde was bound at pH 
1.0. 

The combination of tryptophane*® with formaldehyde shows a maximum 
at pH 5.0 (Fig. 4; Table Il). The reaction proceeds at a finite rate over 
several hours and finally results in the deposition of crystals. Histidine 
reacts rapidly with formaldehyde at pH 7.4. At pH 5.0 the reaction pro- 
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Fic. 3. Combination of amino acids with 0.01 m formaldehyde at different pH 
values 1 hour after mixing. 


ceeds slowly for many days (Fig. 5) until with the concentrations employed 
the formaldehyde completely disappears from solution. 

The results are consistent with and extend previous findings with serine 
(16), cysteine (17), tryptophane (18-20), and histidine (21). 

In Fig. 6 is shown the disappearance of formaldehyde from a bacterial 

* We are indebted to The Dow Chemical Company, Midland, Michigan, for a gen- 
erous gift of synthetic dl-tryptophane. 
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filtrate as determined by this procedure. The filtrate was prepared from 
an enzymic digest of muscle which contained 0.4 per cent nitrogen. The 
conditions illustrated are typica! but are not necessarily those found best 
suited for any particular detoxication. The loss of formaldehyde repre- 
sents combination with constituents of the medium. Only an infinitesimal 
portion of formaldehyde can be presumed to combine with the toxin in 
these filtrates. In our hands the procedure has been of great value in 
controlling the concentrations of formaldehyde in bacterial filtrates from 
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Fic. 6. Disappearance of formaldehyde from a bacterial filtrate 


three different species in order to accomplish detoxication with minimum 
loss of antitoxin combining power. 


SUMMARY 


1. A procedure has been developed for the estimation of free formalde- 
hyde in solution. The following principle is employed. Formaldehyde 
vapor is allowed to diffuse from solution into a membrane containing 
phenylhydrazine hydrochloride. A red color is developed in the membrane 
by adding ferricyanide and acid and is compared with colors developed at 
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the same time in the same manner from standard solutions of formaldehyde. 

2. The effect of pH on the diffusion of formaldehyde from solution has 
been studied. 

3. The reaction of dilute formaldehyde with amino acids at different pH 
values has been investigated. The results show that amino acids with SH 
or OH groups in the 6 position combine immediately to a greater extent 
with formaldehyde than those not so substituted. 

4. The procedure is useful for the control of formaldehyde concentration 
during detoxication of bacterial filtrates. 
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PREPARATION OF PITUITARY THYROTROPIC HORMONE* 
By LEON 8. CIERESZKOt 
(From the Department of Physiological Chemistry, Yale University School of Medicine, 
New Haven) 
(Received for publication, July 6, 1945) 


The existence of a thyroid-stimulating hormone in anterior pituitary 
gland tissue has been known for 30 years (1, 2). During this time, con- 
siderable work has been done on the physiological and the pharmacological 
effects of the thyrotropic hormone administered in the form of pituitary 
extracts which had been subjected to a varying degree of manipulation. 
Relatively little progress on the purification and chemical characterization 
of the thyrotropic hormone was made until 1931 (3). Since that time 
several methods of purification of the pituitary thyrotropic hormone have 
been described. Although some of these methods (4-9) effect significant 
concentration of the thyrotropic activity of pituitary tissue, the procedures 
either are not described in sufficient detail to allow ready repetition or 
result in poor yield of hormone. The most active preparation so far 
reported appears to be that of Fraenkel-Conrat, Fraenkel-Conrat, Simpson, 
and Evans (9), whose method yields material assaying 480 chick weight 
units per mg. of nitrogen. This represents a 100-fold increase in concentra- 
tion.of the hormone. Since their preparation contained 13 per cent N, it 
would assay about 65 chick weight units per mg. on a dry weight basis. 

In no case has more than a crude attempt been made to characterize 
the chemical and physicochemical properties of the hormone. Available 
evidence indicates that the hormone is protein in nature. 

It is the object of the present communication to present a description of 
a rather simple procedure which consistently yields significant amounts of 
a thyroid-stimulating product with a degree of physiological activity 
higher than any preparation previously described in the literature. A 
brief qualitative description of the thyrotropic preparation is given. At 


* This investigation was aided by grants to Dr. Abraham White from the Fluid 
Research Fund of Yale University School of Medicine and from the Committee on 
Therapeutic Research, Council on Pharmacy and Chemistry, American Medical 
Association, and to Dr. C. N. H. Long from the Committee for Research in Endocrin- 
ology, National Research Council. 

Some of the data in this paper are taken from a dissertation presented by Leon 8. 
Ciereszko to the faculty of the Graduate School of Yale University, in partial ful- 
filment of the requirements for the degree of Doctor of Philosophy. 

t Present address, Department of Biological Chemistry, University of Utah School 
of Medicine, Salt Lake City. This paper was written while the author was with the 
Medical-Research Division, Sharp and Dohme, Inc., Glenolden, Pennsylvania. 
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a later time, the physicochemical properties of the product will be de- 
scribed. 

In a previous publication from this laboratory, Bonsnes and White (10) 
described a procedure for the fractionation of saline extracts of fresh beef 
pituitary glands. By the use of isoelectric precipitation, followed by 
gradually increasing concentrations of acetone, it was possible to prepare 
a fraction with marked thyrotropic hormone activity. Essentially, this 
fraction represented material precipitated from a saline extract of pituitary 
tissue by 75 per cent acetone at pH 4.0 after the previous removal of 
precipitates at pH 5.4, 4.8, 4.0, and 4.0 with the addition of acetone to a 
concentration of 50 per cent. 

The preparation of the thyrotropic fraction of Bonsnes and White has 
been simplified by omitting the isoelectric precipitations at pH 5.4 and 
4.8. Thyrotropic hormone activity has been further concentrated by 
extraction of the 75 per cent acetone-insoluble precipitate with water, and 
treatment of this aqueous extract with lead acetate and with trichloro- 
acetic acid. The product obtained from whole frozen beef pituitary glands 
by this procedure gives a positive histological response in the thyroids of 
white Leghorn chicks when given at a total dose of 1 y. Growth, gonado- 
tropic, and prolactin activities are absent from the preparations obtained 
from beef glands. Preliminary studies in the Tiselius electrophoresis 
apparatus and in the analytical ultracentrifuge indicate the homogeneity 
of the preparation. 


EXPERIMENTAL 


Method of Assay—The biological activities reported in this study are 
based on the histological changes in the thyroid of the 8 day-old male 
white Leghorn chick. Injections were started when the chicks were 3 
days old. Single, subcutaneous doses were given daily for 5 days, a volume 
of 0.5 ml. being used for each injection. 24 hours after the last injection, 
the chicks were killed with illuminating gas and the thyroids carefully 
dissected out and weighed. The adrenals and gonads were also weighed 
at this time. The thyroids were then prepared for histological examina- 
tion in the usual manner. The minimum effective dose, 7.c. the minimum 
amount of the substance required to produce a definitely positive histo- 
logical response, was determined for each preparation. The histological 
picture observed microscopically is similar to that in the photographs 
published recently by Jorgensen and Wade (11). Each dose level has 
been assayed on a minimum of eight chicks, and each assay was always 
accompanied by a group of eight uninjected control birds. The histology 
of the latter group served as a control for possible variations in chicks and 
in environmental conditions. White Leghorn chicks bave been used 
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exclusively, and the birds were always purchased from the same hatchery.! 
Environmental conditions were controlled by the use of constant temper- 
ature brooders. The non-stimulated histological appearance of the thy- 
roids of the control chicks has been quite uniform and has made possible 
consistent assay results. Questionable stimulation has always been put 
in the negative group, and only definite, actual changes in the cells, with 
some resorption of the colloid and few resting interstitial cells, have been 
graded as a +1 or a minimum response. 

A few comments are necessary regarding the chick assay, which is based 
on the work of Smelser (12). During the course of several years of in- 
vestigation in this laboratory on the thyrotropic hormone, several thousand 
chick thyroids have been weighed and subjected to histological examination. 
At intervals 1, 2, 3, and 4 day-old chicks have been used for comparative 
assays. The 3 day-old chick was finally selected for two reasons: (1) 
a high mortality in the younger injected birds was generally encountered, 
and (2) a resting thyroid in the control non-injected chick was uniformly 
and consistently obtained when the chicks were permitted to adjust them- 
selves to their new environment for a few days after arrival from the hatch- 
ery. 

It may be added that little suecess attended efforts to use thyroid weight 
increase as a measure of the activity of thyrotropic hormone. Although 
careful dissection of the thyroids has been regularly conducted, it has not 
been possible to obtain a significant correlation between gland weight and 
histological response. It has been a very common experience to obtain 
definite histological alterations in some instances in which there were no 
changes in the weight of the thyroids. In other birds, thyroid weight 
increases were found without histological changes. Therefore, histological 
response alone was considered an accurate indication of thyrotropic 
hormone activity. 

For purposes of convenience in the presentation of the data, the minimum 
amount of a preparation required to produce a definite histological response, 
under the conditions of the assay described above, is termed 1 unit. 

Method of Preparation—In so far as possible the procedure is carried 
out at 3-5° with cold solvents and solutions. All pH measurements were 
made with the Beckman glass electrode. 

1 kilo of frozen whole beef pituitary glands is ground finely in a motor- 
driven meat grinder. 5 liters of 2 per cent sodium chloride solution are 
added to the mash. The mixture is thoroughly agitated by means of 
mechanical stirring and the pH adjusted to 7.4 to 7.8 by the addition of 
about 50 ml. of 2N NaOH. The extraction is conducted with continuous 
stirring for 3 to 4 hours. The tissue residues are removed by centrifuging 


! Kerr Chickeries, Frenchtown, New Jersey. 
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and the turbid supernatant acidified to pH 4.0 to 4.1 with 2n HCl. The 
precipitate is then removed immediately by the use of the continuous 
Sharples supercentrifuge. To the supernatant (pH 4.0 to 4.1) an equal 
volume of acetone is added and the mixture allowed to stand overnight. 
The supernatant solution is siphoned off, clarified by filtration, and to it 
an equal volume of acetone is added. The precipitate which forms is 
allowed to settle out overnight. The supernatant acetone solution is 
siphoned off, and the precipitate is centrifuged and washed with a mixture 
of 3 parts of acetone and 1 part of water by dispersing the precipitate 
thoroughly in the aqueous acetone and centrifuging. The washing is re- 
peated three times. The washed precipitate is then dried by triturating 
with acetone and centrifuging. The acetone washing is repeated three 
times. Finally, the precipitate is stirred up with ether, centrifuged, and 
put in a desiccator under a vacuum. After about 15 minutes, the precipi- 
tate is thoroughly broken up with a small spatula and replaced in the desic- 
eator. The vacuum is turned on and released several times, the precipitate 
being broken up finely each time until the product is a fine dry powder. 
The yield is 5 to 6 gm. (Fraction CA). 

An aqueous extract is then made by stirring the dry precipitate suc- 
cessively with one 100 ml. portion and three 50 ml. portions of distilled 
water in a centrifuge bottle for 5 to 10 minute periods. Each extraction 
mixture is centrifuged and the supernatant solutions are filtered and 
combined. The insoluble residue from the last extraction is discarded. 
The clear buff-colored extract obtained in this manner has a pH of approx- 
imately 7. A precipitate appears upon the addition of 1 n NaOH to pH 9. 
This precipitate is centrifuged off and the pH of the supernatant solution 
adjusted to 7.0. A solution of 5 per cent lead acetate (Pb(C.H;O,)s) 
is added until precipitation is complete. The amount of lead acetate 
solution required is determined on small measured samples of the water 
extract. After the addition of lead acetate, the solution is allowed to 
stand in the refrigerator until the precipitate settles out, leaving a clear 
supernatant. This takes less than an hour. After removal of the lead 
precipitate at the centrifuge, the pH of the supernatant varies from 5.0 
to 5.4. 

To the lead acetate supernatant, 20 per cent (1.25 m) trichloroacetic 
acid is added slowly and with stirring until a concentration of 8 per cent 
(0.5 m) trichloroacetic acid is obtained. The white precipitate which 
appears is allowed to flocculate by standing in the refrigerator for 1 hour 
and is then removed by centrifugation. 

The clear and colorless supernatant, obtained after removal of the 
trichloroacetic acid-insoluble precipitate, has a pH of about 1.2. This 
solution is dialyzed in viscose tubing against running cold water until all 
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trichloroacetic acid has been removed. The dialyzed solution is then 
concentrated by pervaporation to a volume of 75 to 100 ml. and lyophilized. 
About 400 to 500 mg. of a white solid designated as Fraction SPbT are 
thus obtained from 1 kilo of frozen whole beef pituitaries. 

The material obtained by the procedure described above produces 
histological changes in the thyroids of 3 day-old chicks injected over a 
period of 5 days with a total dose of 1 y. It gives the usual protein color 
tests and is very soluble in water. The Molisch reaction is positive. 
Preliminary electrophoretic examination of the product, as well as ultra- 
centrifuge studies, suggests that it contains but one protein component. 
The nitrogen content is 12.6 per cent; sulfur is 1.2 per cent. Tests for 
phosphorus are negative. Sulfosalicylic acid fails to precipitate the thyro- 
tropically active protein; it is precipitated by phosphotungstic and picric 
acids, uranium acetate, and mercuric chloride. The lead used in the 
purification procedure is removed during the dialysis. Tests on the final 
product with hydrogen sulfide and dithizone indicate the absence of lead. 

The thyrotropic hormone prepared by the method described above has 
been examined for other types of anterior pituitary activity. Growth- 
promoting action was tested in four hypophysectomized rats by injecting 
the substance into each animal in doses of 5 mg. daily for a 7 day period. 
There was no increase in body weight in any of the rats during the in- 
jection period. 

Prolactin activity has been determined by the systemic method of 
Lyons (13), employing 6 week-old white Carneau pigeons. A total dose 
of 5 mg. produced no evidence of prolactin activity. 

Gonadotropic activity has been evaluated throughout this study by 
determining the effect of various preparations on the weights of the testes 
of the same chicks employed in the thyrotropic assays. Although no effort 
has been made to determine variations in gonad weight as a measure of 
gonadotropic activity, certain conclusions are permissible from the many 
hundreds of chick gonads which have been weighed. The most striking 
and consistent observation has been the lack of evidence of definite gonado- 
tropic potency in the beef thyrotropic preparation described above. Dr. 
W. U. Gardner of the Department of Anatomy has kindly examined the 
effect of the thyrotropic preparation on the gonads of the male hypophy- 
sectomized mouse, and reports no evidence of gonadotropic activity. 


DISCUSSION 


It was found that the fractionation procedure of Bonsnes and White 
(10) may be shortened without affecting the yield of the thyrotropic frac- 
tion. This was done by omitting the isoelectric precipitations at pH 5.4 
and 4.8. The thyrotropic fraction (CA) represents less than 10 per cent 
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of the nitrogen originally present in the saline extract of the pituitary glands, 
The distribution of nitrogen in the course of the fractionation procedure 
is indicated in the accompanying flow chart. 


1 kilo beef pituitary glands 





2% saline extract at pH 7.4-7.8 (10 gm. N) Residue 
M.e.d.,* 0.10 mg. 
Adjust to pH 4.1 


| 





' ! | 
Ppt. BA (4.5 gm. N) Supernatant 
Acetone to 50° 
| 





Supernatant Ppt. C (2.0 gm. N) 
Acetone to 75% 
| 


Supernatant (2.7 gm. N) Ppt. CA (5-6 gm.; 0.7 gm. N) 
Extract with water 





Residue Extract (0.53 gm. N) 
Adjust pH to 9.0 
| 





Supernatant Ppt. 


Adjust pH to 7.0 
Add Pb(C.H;02)2 in excess 





Ppt. (0.2 gm. N) Supernatant (0.3 gm. N) 


Add 1.25 m trichloroacetic acid 
to 0.5 mM concentration 





Supernatant Ppt. (0.17 gm. N) 
Dialyze, concentrate,t lyophilize 
Final product 0.4-0.5 gm. (0.05-0.06 gm. N) 
(thyrotropic hormone) m.e.d., 0.001 mg. 


* Minimum effective dose in chick assay. 
t Solution concentrated in dialysis bag by pervaporation. 


A constant fraction of the nitrogen in Precipitate CA is extracted by 
water. In four different experiments water extraction of various CA 
fractions yielded 92.4, 91.6, 92.5, and 89.0 mg. of nitrogen per gm. of 
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Fraction CA extracted. The water-extracted residue was inactive when 
assayed for thyrotropic activity. 

Since thyrotropic activity began to appear in the precipitate at 30 per 
cent acetone from the water extracts of Fraction CA, the question arose 
as to whether significant loss of the hormone had occurred at the step 
just prior to removal of Fraction CA; that is, in the fraction of the saline 
extract insoluble at pH 4.1 in 50 per cent acetone (Fraction C). Aceord- 
ingly, the acetone-dried Fraction C was extracted with water, the extracted 
material precipitated by the addition of 3 volumes of acetone to the water 
extract, and the precipitate assayed. The material derived in this way 
from Precipitate C showed activity only at high dose levels in comparison 
with that from Fraction CA. In addition, it could be obtained only in 
small amounts, indicating that little thyrotropic activity was lost by the 
removal of Precipitate C in the fractionation of saline extracts. 

Water extracts of Fraction CA, to which 5 per cent lead acetate solution 
has been added, still contain protein nitrogen after removal of the lead 
precipitate. Furthermore, it has been demonstrated that these super- 
natants from the lead precipitation retain the thyrotropic activity of 
Fraction CA, while the protein which can be recovered from the lead 
precipitate by extraction with dilute disodium hydrogen phosphate solution 
is thyrotropically inert. 

Addition of trichloroacetic acid to the lead acetate supernatants pre- 
cipitates about 55 per cent of the nitrogen present. The proportion of 
the nitrogen precipitated seems to be independent of the nitrogen con- 
centration. For example, of 0.45, 0.90, and 1.23 mg. of N per ml. in lead 
acetate supernatants, 45, 45, and 46 per cent remained in solution after the 
addition of trichloroacetic acid to 0.5 M concentration. About half of the 
nitrogen in the trichloroacetic acid supernatant is removed by dialysis. 

The yields of thyrotropic hormone obtained by the procedure here pre- 
sented indicate that a good recovery of the hormone originally present 
in the saline extracts of pituitary tissue is obtained in the trichloroacetic 
acid-soluble fraction. The saline extract obtained from 1 kilo of frozen 
whole beef pituitaries contains about 62.5 gm. of protein material (N X 
6.25) and represents about 625,000 units of thyrotropic activity. The 
total yield of the thyrotropic protein fractions is about 500 mg. with a 
minimum effective dose of 1 y. The yield of thyrotropic activity is thus 
about 500,000 units. 

Thyrotropic preparations of equally high potency have been obtained 
from dissected sheep anterior lobes with the above procedure; however, 
these preparations always contain gonadotropic material. Beef glands 
contain relatively little gonadotropic hormone and yield a thyrotropic 
hormone preparation which is free from gonadotropic activity. 











592 PITUITARY THYROTROPIC HORMONE 


SUMMARY 


Marked purification of the pituitary thyrotropic hormone has been 
achieved by a relatively simple procedure which yields good recoveries 
of thyroid-stimulating material from frozen whole beef pituitaries. 1 
y of the thyrotropic preparations obtained by this procedure produces 
definite histological changes in the thyroids of 3 day-old male white 
Leghorn chicks. The preparations do not have demonstrable prolactin, 
gonadotropic, or growth hormone activity. 


I wish to express my appreciation to Dr. Abraham White, who suggested 
this problem, for his encouragement and sound guidance, and to Miss 
Hilda Ritter, who carried out the large number of chick assays which 


guided this work. 
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A METHOD FOR THE DETERMINATION OF COPPER 
IN BLOOD SERUM* 
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(Received for publication, July 23, 1945) 


The demonstration that copper is transported in the serum (1) makes 
available a means of studying copper metabolism and gives rise to the 
necessity of having a simple and accurate method which can be applied to 
the measurement of a large number of samples. The purpose of this paper 
is to present such a method. 

Sodium diethyldithiocarbamate has been found to be a satisfactory and 
sensitive reagent for the determination of copper. Callan and Henderson 
(2) discovered that when this substance was added to a solution of copper a 
golden brown color was produced. McFarlane (3) found that the colored 
copper salt could be rapidly and quantitatively extracted from aqueous 
solution by amyl alcohol and that the color was intensified in the organic 
solvent. The depth of color was reported to be directly proportional to the 
amount of copper present, provided the range of copper concentrations was 
not too great. The color complex is stable for at least 2 hours and the pH of 
the solution has little effect on the color intensity between pH 5.7 and 9.2. 
Iron gives a brown color with the reagent and is the only substance in 
biological ash which is known to interfere significantly. However, when 
sodium pyrophosphate is added, iron pyrophosphate is formed and this 
compound does not react with the carbamate, whereas the reactivity of the 
copper is unaffected (3, 4). 

Locke, Main, and Rosbash (5) prepared a protein-free filtrate of serum 
by precipitating the proteins in the cold with trichloroacetic acid and deter- 
mined the copper content of the filtrate with the carbamate reagent. Re- 
coveries of added copper were not reported. Tompsett (6) demonstrated 
that the whole of the serum copper is present in such a filtrate and is present 
in such a form that it can be determined directly with carbamate. Using 
such a procedure, he obtained excellent recoveries and the results compared 
closely with those obtained by ashing. The observations of Yoshikawa, 
Hahn, and Bale are not in agreement (7). Using radioactive copper, they 
found that nearly all of the copper in plasma is bound in some manner to 


* The work described in this paper was carried out under a contract, recommended 
by the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Utah. 
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protein and that only about two-thirds is split off with trichloroacetic acid 
in the cold. 

McFarlane (3) as well as Sachs, Levine, Anderson, and Schmit (4) has 
determined serum copper with the carbamate reagent by dry ashing first. 
However, ashing methods are fraught with many difficulties such as spat- 
tering, contamination from reagents, and volatilization of the copper if the 
temperature is too high. They are inconvenient, time-consuming, and 
require a muffle furnace or a digestion rack. Such methods do not lend 
themselves well to the determination of a large number of specimens. 
Therefore, it was felt that if a reliable method could be devised which 
avoided ashing and was relatively simple it would be well worth while. 


EXPERIMENTAL 


Standard copper solutions with amounts of copper varying from | to 10 
y per 10 ml. were treated according to the method of Locke, Main, and 
Rosbash (5) with 0.2 ml. of pyridine and 1 ml. of 1 per cent carbamate and 
extracted with 10 ml. of amyl alcohol. The alcoholic extracts were then 
read in the Evelyn photoelectric colorimeter with the 6 ml. aperture and 
Filter 440. The results are presented in Fig. 1. The extracts were cloudy 
and first had to be filtered, but even with this additional step results were 
not reproducible and a reliable standard curve could not be obtained. This 
can be explained by the fact that in order to read in the macro Evelyn 
colorimeter it was necessary to extract with at least 10 ml. of aleohol and as 
a result the final concentration of copper was not great. McFarlane (3) 
used larger concentrations of copper and smaller volumes of amyl alcohol, 
and measured the color intensity of a Duboseq colorimeter with micro cups. 
Locke, Main, and Rosbash (5) used only 2 ml. of aleohol and made crude 
colorimetric comparisons with a standard held in the sunlight. These 
differences probably account for the variability of the results of the amyl 
alcohol extractions. In any event, it was decided that this procedure was 
not suitable for use in the Evelyn colorimeter under these conditions. 

In Fig. 2 the results of reading the color directly in the aqueous solution 
are shown. 1 ml. of a saturated solution of sodium pyrophosphate, 2 ml. of 
redistilled ammonium hydroxide, and 1 ml. of a 0.1 per cent solution of 
sodium diethyldithiocarbamate were added to 10 ml. of varying dilutions 
of a standard copper solution. The volume was then made up to 15 ml. 
with redistilled water and the solutions read in the Evelyn colorimeter with 
the 10 ml. aperture and Filter 440. As can be seen, the results were con- 
siderably more consistent than with the amyl alcohol extraction procedure. 
It was therefore decided to read the color directly in the aqueous solution 
and to avoid the additional as well as unnecessary and unreliable step of 


extracting with amyl alcohol. 
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To ascertain what portion of the total serum copper is present in a tri- 
chloroacetic acid filtrate 5 ml. samples of serum, to which known amounts 
of copper were added, were pipetted into 15 ml. Pyrex centrifuge tubes and 
3 ml. of redistilled water added. The tubes were then placed in a water 
bath at boiling temperature until the solutions became opaque, were cooled, 
and following the addition of 2 ml. of 20 per cent trichloroacetic acid were 
placed in a water bath at 90-95° for 3 minutes with stirring. The tubes 
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Fic. 1. Showing the variability of amyl alcohol extractions of standard copper 
solutions. L refers to photometric density. @ is the galvanometer reading. 


were then spun at 2500 r.p.m. for 15 minutes. The supernatant solutions 
were decanted and the copper content determined in the aqueous solution 
with carbamate as described above. An average of 74 per cent of the added 
copper was recovered, as can be seen in Table I. Following resuspension 
of the original precipitate and a second extraction, it was possible to recover 
a total of 89 per cent. Three extractions yielded an average recovery of 97 


per cent. 
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Fig. 2. The standard curve obtained by adding sodium diethyldithiocarbamate 
directly to the aqueous copper solution. JZ refers to photometric density. G is the 
galvanometer reading. 


Taste I 
Showing Average Recovery of Copper following One, Two, and Three Extractions of 
Trichloroacetic Acid Precipitate 




















a . . | 
Experiment No. sere en ara No. of determinations | Average recovery 
Eee Eee a 

| | per cent 
I 1 4 - 74 
II | 2 | 10 89 
III 3 24 97 

a | —EE re: _ _ ——$—— | $$$ 
Proposed Method 
Reagents— 


1. Copper-free water. Redistil water in an all-glass distilling apparatus. 

2. Trichloroacetic acid, 20 per cent in redistilled water. The trichloro- 
acetic acid is first distilled in an all-glass apparatus to free it of copper. 

3. Sodium pyrophosphate. Make up a saturated solution in redistilled 
water. 
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4. Ammonium hydroxide, approximately 28 per cent. Distil reagent 
grade ammonium hydroxide through an all-glass apparatus into redistilled 
water until the solution is saturated. 

5. Sodium diethyldithiocarbamate (Eastman). Make up a 0.1 per cent 
solution with redistilled water. 

6. Standard solution of copper. Dissolve 0.3928 gm. of CuSO,-5H,O 
in redistilled water. Dilute tol liter. (It is important to use clear crystals 
of copper sulfate that show no sign of efflorescence.) Make up working 
solutions from this. 

All glassware used must be carefully cleaned and then rinsed three times 
with redistilled copper-free water. 

Pipette 3 to 5 ml. samples, preferably 5 ml., of serum or plasma into un- 
graduated 15 ml. Pyrex centrifuge tubes. It is convenient to set up that 
numberof tubes which can be centrifuged simultaneously. Add 1 ml. of 
glass-redistilled water to each, mix with glass rods, and place the tubes in 
boiling water. When the solutions become opaque, remove the tubes and 
cool. Add 2 ml. of 20 per cent trichloroacetic acid, stir thoroughly, and 
heat in the water bath at 90-95° for 5 minutes. Stir frequently while heat- 
ing. Cool as before, remove the rods, and centrifuge the tubes at 3000 
r.P.M. for 10 minutes. Decant the supernatant solutions into 15 ml. 
graduated centrifuge tubes. 

To the original tubes add 1 ml. of trichloroacetic acid and 1 ml. of water, 
break up the precipitates well with the glass rods, and while stirring heat 
again in the water bath at 90-95° for 5 minutes. Remove, cool, and centri- 
fuge as before. Decant the supernatant fluid into the tubes containing the 
first filtrate. 

Again add 1 ml. of trichloroacetic acid and 1 ml. of water to the precipi- 
tates, treat, centrifuge, and decant as before. 

To the graduated tubes containing the three filtrates add 1 ml. of a satu- 
rated solution of sodium pyrophosphate, 2 ml. of ammonium hydroxide, 
and 1 ml. of a 0.1 per cent solution of sodium diethyldithiocarbamate. 
Make the volume up to 15 ml. with redistilled water. Mix the solutions 
well by pouring back and forth between the centrifuge and colorimeter tubes. 
Read as soon as possible in the Evelyn photoelectric colorimeter, using 
Filter 440 and a reagent blank to set the galvanometer at 100. 

Calculate the copper content of the solutions, using the formula 


LAs Bis x 1 2 mi m % 

ml. serum used K Pe ea even 
L refers to the photometric density and is calculated from the galvanome- 
ter reading G by the formula, L = 2 — log G. K is the calibration con- 


stant. 
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The value of 1/K as established on our instrument is 67.6. 

Twelve representative recoveries with the method outlined above are pre- 
sented in Table I]. The method not only gives excellent recovery of added 
material but offers results which are consistently reproducible within +10 
per cent. 


TaBLe Il 
Resulis of Recovery of Copper following Addition of Known Amounts to Serum 

















Experiment No. | Serum Added Total Found Recovery 

- Sper ant | oiec © per cont Y pn oon - ae au - 

1 88 43 131 125 95 

2 88 43 131 127 97 

3 88 43 131 129 98 

4 cid 43 131 122 93 

5 88 85 173 163 94 

6 | 88 85 173 165 95 

7 a 85 165 95 

8 sO 8 | 178 169 98 

9 gh oF 2 244 246 161 

10 102 142 244 246 101 

il | 103 | 47 | ~—s(180 49 99 

12 | 108 47 0 0C | ll 99 

UN ic'n ddan Be kh des RVD CANE AOE RW Ay ONES Ve didans ceneeceus | 97 

Tasxe III 


Range of Serum Copper Values as Obtained by Various Authors 


Author Method Serum copper 
| | y per cent 
RT iis dn dvinnineeinnes ..| Trichloroacetic acid 72- 95 
CO ee bl % i | 183-245 
Guillemet and Schell..... .| Dry ashing 56- 75 
Warburg and Krebs.......... : ; Catalytic 82 
OS eee | Dry ashing 82-132 
| Trichloroacetic acid 92-159 


Present method.... 


There is a small error incurred by the use of the Evelyn colorimeter with 
colored solutions of low intensity. Attempts were made to eliminate this 
error by concentrating the filtrates, by using smaller volumes of reagents, 
and by combining reagents. None of these methods proved practical. 
However, the excellent recoveries and reproducibility of results obtained 
with the method outlined justify this error. 

In Table ITI the range of serum copper for normal adults as obtained by 
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various authors is summarized. Locke, Main, and Rosbash (5) do not 
mention filtering the cloudy amy! alcohol and used a crude comparator. 
They made twenty-eight determinations on ‘“‘normal”’ adults but included 
only seventeen of the determinations in the average. The determinations 
were made following one trichloroacetic acid precipitation. The values 
reported by Tompsett (6) on eight individuals are extremely high. The 
cause for this is not apparent. His values for total blood copper are also 
out of line with those obtained by others (4). Guillemet and Schell (8) 
obtained low values for serum copper. Tompsett (6) states that the num- 
ber of precipitations used in their method probably accounts for the low 
values obtained. Warburg and Krebs (9), using a method based on the 
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Fic. 3. The copper content of the serum of twenty-five normal males and twenty- 
five normal females. 


fact that copper catalyzes the oxidation of cysteine to cystine, reported 
0.082 mg. per 100 ml. as their average for ten normal adults. Sachs, Le- 
vine, Anderson, and Schmit (4) determined the copper content of the serum 
of ten adult males, using a dry ashing procedure followed by carbamate, 
and reported an average of 0.105 mg. of copper per 100 ml. of serum. 

We have determined the copper content of the serum of twenty-five 
healthy adult males and twenty-five healthy adult females. The results 
are presented in Fig. 3. The average value for males was 116 y per cent. 
The lowest value obtained was 92 y per cent, and the highest 134 7 per 
cent. These values correspond well with those obtained by Sachs et al. (82 
to 132 y per cent) (4). For the females the average was somewhat higher, 
131 y per cent. The values ranged from 103 to 159 y per cent. 
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SUMMARY 


1. Evidence has been presented that approximately 75 per cent of the 
copper contained in serum is present in the filtrates prepared by precipita- 
tion of the serum with trichloroacetic acid. Three warm extractions of the 
trichloroacetic acid precipitate have been shown to remove approximately 
97 per cent of the copper. 

2. A method for the determination of copper in the serum or plasma has 
been presented which is based on a triple warm extraction of a trichloro- 
acetic acid precipitate followed by the colorimetric determination of copper 
with sodium diethyldithiocarbamate. The colored solutions were read in 
the Evelyn photoelectric colorimeter. 

3. Values of serum copper for twenty-five normal males and twenty-five 
normal females are presented. 
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GROWTH AND LIPOTROPISM 


I. THE DIETARY REQUIREMENTS OF METHIONINE, CYSTINE, 
AND CHOLINE 


By C. R. TREADWELL* 
(From the Department of Biochemistry, Southwestern Medical College, Dallas) 


(Received for publication, August 11, 1945) 


Since the reviews by McHenry and Patterson (1) and Best and Lucas 
(2) on the relationships of lipotropic substances to fat metabolism, several 
publications have appeared which indicate progress in clarifying the 
somewhat conflicting views regarding the influence of amino acids and 
proteins on the fat content of the liver. Beveridge and coworkers (3) 
have shown that certain essential amino acids have a marked effect on the 
lipotropic efficacy of methionine. They also found no significant difference 
in the lipotropic effect exerted by methionine when fed as the amino acid 
or in casein, provided the essential amino acids were approximately equal- 
ized in the two diets. The data of Beveridge and coworkers give strong 
support to the explanation proposed by Treadwell, Groothuis, and Eckstein 
(4) for the greater lipotropic activity of free methionine in comparison with 
protein-contained methionine. It was suggested that larger amounts of 
methionine were used for the synthesis of tissue protein in the casein-fed 
groups, thus producing a decrease in the amount available for lipotropic 
activity with a resultant higher level of liver fat. The basal diet (4) con- 
tained 5 per cent casein, which is insufficient to support normal growth in 
young rats irrespective of the level of supplementary methionine. Horning 
and Eckstein (5) found that with adult male rats (250 gm.) a diet containing 
5 per cent casein was, as far as lipotropism is concerned, as effective when 
supplemented with methionine and cystine as when supplemented with 
sufficient amounts of cystine and casein to equalize the content of the 
sulfur-containing amino acids in the two diets. The level of liver fat was 
low in all the groups receiving supplements, in marked contrast to results 
with young animals (4) in which the liver fat was low only in those receiving 
amino acid supplements. In these animals, as the authors (5) point out, 
the protein and methionine requirements for growth were low, so that a 
considerable part of the methionine in the supplements was available for 
lipotropic action. Treadwell, Tidwell, and Gast (6) have extended observa- 
tions on young rats (130 gm.) to include the effect of diets so designed that 
the protein and methionine levels could be varied independently of each 


* Present address, Department of Biochemistry, School of Medicine, George 
Washington University, Washington, D. C. 
601 














602 GROWTH AND LIPOTROPISM. I 


other. The data indicated a preferential utilization of methionine for 
growth when there were adequate amounts of the other essential amino 
acids in the diet. However, additional methionine over that used for 
growth produced a definite decrease in liver fat. Thus, the recent data 
from three laboratories support the explanation given by Treadwell et al. 
(4) for the difference observed in the lipotropic activity of free and protein- 
contained methionine. 

Handler (7) has concluded that the fatty livers due to deficiency of choline 
develop only when all other dietary factors are present in sufficient concen- 
tration to permit at least slow growth. The ‘data upon which this 
conclusion was based were obtained with diets which contained sufficient 
protein so that when growth was decreased owing to a deficiency of some 
essential factor sufficient methionine became available from the dietary 
protein to exert a definite lipotropic effect. Thus, in the experiments (7) 
on the effects of simultaneous mineral and choline deficiencies on liver fat, 
when the animals’ mineral supply was exhausted there were a decline in 
weight and a lowering of the liver fat toward normal. We suggest that 
the liver fat decreased because the methionine (455 mg. per cent) in the 
dietary casein (15 per cent) was not entirely used for growth while the 
animals were declining in weight and therefore a part was available for 
lipotropic action. 

The findings discussed above suggested a possible division of the total 
methionine requirement into two components; namely, the methionine 
required for growth and that required for lipotropism. It seemed likely 
that the magnitude of these two components would be influenced by the 
amounts of other substances present in the diets, such as amino acids, fats, 
vitamins, minerals, choline, and related substances. Also the stage of the 
life cycle in which the requirement is determined is important as is indicated 
by the work of Horning and Eckstein (5). We have obtained data concern- 
ing certain of these points which will be published later. In the study 
presented below we have investigated the growth and lipotropic require- 
ments for methionine, cystine, and choline in rats receiving diets which 
contained adequate protein, minerals, and vitamins for optimum growth 
during the experimental period. The basal choline-free diet supplied 500 
mg. of methionine and 100 mg. of cystine per 100 gm. of diet, which were 
the amounts found by Womack and Rose (8) to be necessary for optimum 


growth. 
EXPERIMENTAL 


White male rats weighing approximately 170 gm. (range 160 to 180) 
of the Sprague-Dawley strain were used. The care and environment of 
the animals were the same as described previously (9). The basal diet 
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(No. 26, Tables I to ILL) consisted of 15.4 per cent casein, 3.2 per cent 
arachin, 5 per cent salt mixture (10), 2 per cent Cellu flour, 34.4 per cent 
glucose,’ and 40 per cent lard. The casein was a commercial vitamin-free 
product. The arachin was prepared from peanut flour? by the method of 
Johns and Jones (11). The proteins were heated at 98° until the moisture 
content was less than | per cent before incorporation into the diets. The 
mixture of casein and arachin in the basal diet was calculated to provide 
500 mg. of methionine and 100 mg. of cystine. The methionine value was 
confirmed by analysis according to the directions of Albanese et al. (12). 
The various dietary constituents supplied a total of not more than 1 mg. of 
choline per 100 gm. of diet. When supplementary methionine, cystine, or 
choline was incorporated in the basal diet as indicated in Tables I to ILI, 
an equivalent amount of glucose was omitted. All rats received orally 0.1 
ec. of U. S. P. XI cod liver oil and 0.1 ce. of a solution containing 25 y 
of thiamine, 20 y of riboflavin, 100 y of calcium pantothenate, 100 7 of 
nicotinic acid, and 20 y of pyridoxine per day. The experimental period 
was 21 days. The food intake was determined daily and weight changes 
were recorded three times weekly. The livers were removed from the 
animals under sodium amytal anesthesia and analyzed for total lipids (13). 
Apparent differences were analyzed for significance by the ¢ method of 
Fisher (14) and only those showing a P value of less than 0.01 were con- 
sidered significant. 


Results 


Table I shows the pertinent data obtained when Diet 26 was supple- 
mented with increasing quantities of methionine. It is evident that 500 
mg. of methionine and 100 mg. of cystine per 100 gm. of the basal diet were 
insufficient to support optimum growth. Increasing the methionine to 600 
mg. produced a highly significant increase in the growth rate. There was 
no additional stimulation of growth by the higher levels of Diets 28, 33, 
and 36. Under the present experimental conditions and in rats of this 
strain and age, approximately 40 per cent change in weight appears to be 
optimum. That optimum growth was obtained with 600 mg. of methionine 
rather than 500 mg., as found by Womack and Rose (8), is not necessarily 
in disagreement with their findings. In the present study the animals 
were older and the diets contained 40 per cent fat, whereas the diets used 
in their study contained 30 per cent. Moreover, it has been shown by 
duVigneaud and coworkers (15) that the vitamin B complex supplement used 
by Womack and Rose contained an appreciable quantity of choline, while 
our diets were choline-free. 


1 Generously supplied by the Corn Products Refining Company, New York. 
* Proflo brand, kindly furnished by the Traders Oil Mill Company, Fort Worth. 
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Increasing the methionine from 500 to 600 mg. produced a slight but 
significant decrease in the liver lipids. The animals on Diet 27 ingested 
an average of 10.3 mg. of methionine per day more than those receiving 
Diet 26. This amount of methionine exhibited an effect on the growth 
rate and on the level of liver fat. The possibility of further differentiation 
between the growth and lipotropic requirements by using small increments 
of methionine between 500 and 600 mg. per 100 gm. of diet has not been 
investigated. Additional amounts of methionine produced further de- 
creases until with Diet 36, which contained 1200 mg., the level of liver fat 
was essentially normal. The data indicate that in the absence of choline 
the total methionine requirement is approximately 1200 mg. per 100 gm. 
of diet and that the requirement for lipotropism is about 600 mg. In our 


Taste I 
Methionine Requirements for Growth and Lipotropism in Rats Receiving Choline-F ree 
Diets 
The animals received the diets for 21 days. The average initial weights for the 
dietary groups ranged from 169 to 172 gm. 














"i | | 
Ral Methionine | Cystine No.of “aa — roe weight __ Hier ii pe 00 em aul 
, Moist tissue Body weight 
| mee 00 me, 10 mm | perc | om im 
26 | 500 | 100 | 15 9.1 + 0.3 | 23.8 + 2.3 | 24.7 40.9 |1.45 + 0.10 
27 600 | 100 8 | 9.340.3| 37.04 2.5 20.54 1.0|0.97 + 0.08 
23 | 700 | 10 | 8 | 9.44£0.3|38.3 41.5| 18.8 + 1.5|0.89 + 0.10 
33 | 100 | 10 | 8 |10.0+0.3 43.3 + 2.0| 14.9 + 1.8 |0.59 + 0.08 
36 | 1200 | 100 | 8 |10.340.1/41.841.7) 8.9 + 0.3 |0.32 + 0.05 








* Including the standard error of the mean, calculated as follows: V/Za?/n — 1/ 


n. 


previous work (4) with low protein diets the amount of fat in the liver was 
normal or only slightly increased when the diets contained approximately 
600 mg. of methionine. Thus, in accord with the discussion in the intro- 
ductory part, if the requirement for lipotropism is differentiated from the 
growth requirement, the amount of methionine used in lipotropic activity 
appears to be independent of the protein content of the diet. 

The effect of adding various amounts of cystine to the basal diet is shown 
in Table II. There was no significant effect on the growth rate. In the 
present experiment it is impossible to evaluate the effect of the 100 mg. of 
cystine in the basal diet. However, the results are in agreement with the 
findings of Womack and Rose (8) that amounts greater than 100 mg. have 
no effect on the growth rate. There was no change in the liver lipids until 
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the cystine content was 600 mg. per 100 gm. of diet. At this ievel there was 
a distinct lipotropic effect. We have no explanation for the absence of 
any antilipotropic effect of the cystine in these diets. In this regard it may 
be significant that the antilipotropic action has usually been demonstrated 
with low protein-low methionine diets. We are not aware of any previous 
study in which cystine was shown to have a lipotropic effect. Experiments 
are being carried out to confirm and extend this observation. 


TaBLe II 

Cystine Requirements for Growth and Lipotropism in Rats Receiving Choline-Free 
Diets 

The animals received the diets for 21 days. The average initial weights for the 

dietary groups ranged from 170 to 173 gm. 





Liver lipids per 100 gm. 














Det Methionine! Cystine re a a —_ Gain in weight 

| Moist tissue Body weight 

eae rate m | pret | em |e 

26 | 500 100 | 15 | 9.140.3/ 23.8 + 2.3 | 24.7 + 0.9|1.45 + 0.10 
29 500 200 8 | 8.8 +0.2| 26.4 + 2.9 | 24.3 + 0.8/1.47 + 0.09 
30 500 300 8 | 8.8+0.1 | 29.3 + 3.0 | 26.1 + 0.6/1.71 + 0.08 
37 500 400 8 9.9 + 0.4 | 30.6 + 4.7 21.9 + 1.8/1.30 + 0.11 
38 500 600 7 | 10.2 + 0.3 | 26.5 + 2.3 | 16.1 + 1.0 /0.99 + 0.08 


Tase III 

Choline Requirements for Growth and Lipotropism 
The animals received the diets for 21 days. The average initial weights for the 
dietary groups ranged from 170 to 173 gm. 





Diet | Methio- Gain in weight Lives Rpids per. 309 gu. 


No. of| Food intake 
No. nine d 


rats per day 





| Cystine | Choline 
Moist tissue | Body weight 


| 
=" | og por | ong. por | ong per y BLP pez: | 





mg. per , mg. per | mg. per 


100 gm. | 100 gm. | 100 gm. gm. per cent gm. gm. 
diet | diet | diet | 
2% 500 | 100 0 | 15 |9.1+40.3 23.8 + 2.3 24.7 st 0.9 |1.45 + 0.10 
} 


34 500 | 100 100 8 8.6+40.2)/202+41.8) 7.0+40.8!0.27 + 0.06 


35| 500 | 100 | 200 | 14 |9.840.3/27.2+1.8| 6.6 + 0.3 0.23 + 0.01 


The data obtained when the basal diet was supplemented with choline 
are summarized in Table III. The growth rate was not influenced by the 
choline. It is interesting that while it has been reported that choline has 
a growth-stimulating effect (16, 17) none was found in thisstudy. It would 
appear that conditions were favorable to show such an action of choline, 
inasmuch as the basal diet was choline-free and growth was less than 
optimum. In another study,’ we have not observed a growth-promoting 


* Tidwell, H. C., and Treadwell, C. R., unpublished data. 
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effect of choline. Apparently only under special conditions can this action 
be demonstrated. The supplementary choline exhibited its usual effect 
on the level of the liver lipids. 100 mg. per 100 gm. of diet lowered the level 
tonormal. ‘The average daily intake per rat was 8.6 mg. and the data do 
not exclude the possibility that still smaller amounts would give a maximum 
effect. This is the same order of activity as that found by Channon et al. 
(18). 

The results of the present study suggest that the methionine requirement 
of the white rat is not a unitary one but is composed of two components. 
When the dict contains optimum quantities of the other essential 
food factors, a certain amount of methionine is needed for maximum utiliza- 
tion of the food in growth and maintenance; this amount is termed the 
growth requirement. Concurrent with optimum growth there may occur 
an abnormal accumulation of fat in the liver due to an inadequate intake of 
lipotropic factors. ‘The organism’s need for lipotropic factors may be met 
by choline, methionine, betaine, and other substances capable of donating 
methyl groups. If sufficient choline or related substances are present in the 
diet, no methionine will be required for lipotropism. However, if the diet is 
free of other lipotropic factors, then the methionine needed for lipotropic 
action becomes an important part of the total methionine requirement. 


SUMMARY 


Under the conditions obtaining in this study, the total methionine re- 
quirement of rats receiving a choline-free diet was approximately 1200 
mg. per 100 gm. of diet. This total was differentiated into a growth re- 
quirement of 600 mg. and a lipotropic requirement of 600 mg. 

Amounts of cystine greater than 100 mg. per 100 gm. of diet did not 
exhibit any effect on the growth rate or any antilipotropic activity. 600 
mg. of cystine excited a slight lipotropic effect. 

When the basal diet was supplemented with 100 or 200 mg. of choline 
per 100 gm. of diet, there was no increase in the growth rate. The 100 
mg. level gave a maximum lowering of liver fat. 


Grateful acknowledgment is made to Dr. H. C. Tidwell for helpful 
criticism and advice during the course of this investigation. 
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THE DETERMINATION OF ASCORBIC ACID IN SMALL 
AMOUNTS OF BLOOD SERUM 


By OLIVER H. LOWRY, JEANNE A. LOPEZ, anp OTTO A. BESSEY 


(From the Division of Nutrition and Physiology, The Public Health Research Institute 
of The City of New York, Inc., New York) 


(Received for publication, July 19, 1945) 


The measurement of the ascorbic acid level in serum has attained con- 
siderable importance as an index of ascorbic acid nutrition. Existing 
ascorbic acid methods require at least 0.1 ml. of blood serum or 0.2 ml. of 
blood (1, 2), an amount which can just be obtained from the finger. If, 
as is usually the case in making nutritional surveys, it is desired to measure 
a number of other blood constituents, resort must be had to venipuncture 
to obtain sufficient blood. 

The advantage of avoiding venipuncture in dealing with large groups, 
especially when children are concerned, has led to an exploration of the 
possibility of determining ascorbic acid on much less than 0.1 ml. of serum. 

Three different reagents have been used successfully for measuring as- 
corbic acid in blood serum: dichlorophenol indophenol (Mindlin and Butler 
(1)), methylene blue (Butler, Cushman, and MacLachlan (2)), and dini- 
trophenylhydrazine (Roe and Kuether (3)). The first two reagents meas- 
ure ascorbic acid directly, whereas dinitrophenylhydrazine measures 
ascorbic acid only after oxidation to dehydroascorbic acid. All three re- 
agents have been investigated for their adaptability to small scale analyses. 

Of the three, the methylene blue reagent is by far the most sensitive, but 
its use requires an irradiation step which is somewhat awkward in dealing 
with small volumes. With dichlorophenol indophenol it was found possible 
to measure the ascorbic acid in 0.01 ml. of serum, but it proved difficult 
when handling large numbers of determinations to avoid some prior loss 
of ascorbic acid through oxidation. Therefore, the choice fell upon dini- 
trophenylhydrazine. Obviously, with this reagent prior oxidation of 
ascorbic acid to dehydroascorbic acid, if it should occur, would do no 
harm, since in any event all of the ascorbic acid must finally be converted 
to dehydroascorbic acid before measurement. It has been found that 
dehydroascorbic acid (or a derivative which reacts with dinitrophenyl- 
hydrazine (4)) is remarkably stable in serum after trichloroacetic acid 
addition, whether or not the extract is separated from the protein precipi- 
tate. This has proved of great advantage in carrying out large numbers 
of analyses under conditions of a nutritional survey. 

It has proved quite simple to adapt the Roe and Kuether dinitrophenyl- 
hydrazine method to the measurement of the ascorbic acid in 0.01 ml. of 
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serum. With the resulting procedure, one person can analyze 50 sera per 
day. In adapting the procedure to a small scale, it was necessary to make 
certain simplifications which should prove helpful in large scale work as 
well. 


Method 


Reagents and Equipment 

1. 2 per cent dinitrophenylhydrazine, 0.25 per cent thiourea, in 9 x 
H,SO,; centrifuge or filter through sintered glass if a precipitate develops. 
Add the thiourea only to sufficient reagent for 1 month’s use, store in the 
ice box, and discard the remainder of this portion after | month. 

2. 65 per cent H.SO, prepared by adding 70 ml. of concentrated H.SO, to 
30 ml. of H,O. 

3. 1 per cent suspension of norit in 5 per cent trichloroacetic acid. The 
norit is washed with acid and dried according to Roe and Kuether (3), 
and 5 gm. are suspended in 100 ml. of 5 per cent trichloroacetic acid. After 
settling, the supernatant is decanted and the volume restored with 5 per 
cent trichloroacetic acid. This is repeated several times to eliminate some 
of the excessively fine, floating charcoal. Once a week or so the super- 
natant acid from a small portion is replaced with fresh acid to eliminate 
the possibility of contamination with heavy metals which, according to 
Roe and Kuether, may slowly leach out of the norit.' 

4. Levy-Lang constriction micro pipettes (hand type), 10, 30, and 50 
c.mm. (5). In addition, for pipetting the charcoal suspension, a 40 c.mm. 
pipette with tip and constriction 2 or 3 times wider than normal to avoid 
plugging with charcoal. 

5. A Beckman spectrophotometer fitted with a special diaphragm and 
cuvettes to permit the use of 0.05 ml. fluid volumes* (obtainable from the 
Pyrocell Manufacturing Company, 207 East 84th Street, New York 28), 

6. 6 X 50 mm. serological tubes, e.g. Kimble, No. 45060. 

Procedure—To the bottom of a6 X 50 mm. tube are transferred 10 c.mm., 
of serum* and 40 e.mm. of the acid-charcoal suspension (Reagent 3), and 
the contents mixed by tapping the tube with the finger. (The charcoal 
suspension in a small vessel is stirred immediately before each pipetting 
by blowing through the pipette, and the pipette must be filled and emptied 
rapidly to avoid plugging due to settling of the charcoal.) The tube is 
‘apped with a piece of parafilm or a rubber stopper and centrifuged 10 

' If charcoal gets into the final sample, low values may result. If difficulty is 
encountered from floating charcoal, 1 volume of 2 per cent gelatin may be added to 
10 volumes of the acid-charcoal suspension just before use. 


2 Lowry, O. H., and Bessey, O. A., in preparation. 
3 A convenient method of collecting small amounts of blood for this purpose from 


the finger has been described (6). 
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minutes at 3000 r.p.m. A 30 c.mm. aliquot of the supernatant is trans- 
ferred to another 6 X 50 mm. tube, and 10 c.mm. of the thiourea-dinitro- 
phenylhydrazine reagent (Reagent 1) are added with tapping. The tube 
is capped as before and incubated for 3 hours at 38°. The tube is now 
chilled in ice water and 50 c.mm. of ice-cold 65 per cent H»SO, are added, 
very thoroughly mixed, and read after 30 minutes at room temperature in 
the spectrophotometer at a wave-length of 520 mu. The sample is trans- 
ferred to the spectrophotometer with a short Pasteur pipette. Standards 
and blanks are provided by adding 4 ml. of the acid-charcoal suspension to 
1 ml. aliquots of fresh 1 mg. per cent ascorbic acid solution and water, 
respectively. After centrifuging, 30 c.mm. aliquots are treated in the 
same manner as the unknowns. Care is taken to avoid floating charcoal, 
which is more troublesome in the absence of serum. After correction for 
the blank, the color produced is directly proportional to the concentration 
of ascorbic acid and, therefore, only the 1 mg. per cent standard is required 
for routine purposes. In practice, a long series of samples is placed in order 
in a metal rack and carried through the analysis together. 

Once acid has been added to the serum, it may be safely stored several 
days in the ice box or for several weeks at —20°. If the supernatant acid 
extract is separated, it may be stored without loss of the ascorbic acid or its 
derivatives for at least several weeks in the ice box, and presumably in- 
definitely at —20° (see below). The chief consideration is to prevent evap- 
oration of the small samples. Rubber stoppers have proved most effective. 
The cut off smaller ends of No. A vial stoppers have been found very 
convenient for the 6 X 50 mm. tubes. Parafilm is not reliable for the 
prevention of evaporation from these tubes for more than a short time. 


Adaptation to 25 C.mm. of Serum 


A pparatus-— 

1. Constriction pipettes, 25, 75, and 125 c.mm.; also a 100 ¢c.mm. pipette 
with wider constrictions for pipetting the charcoal suspension. 

2. Either the Beckman spectrophotometer or the Coleman Junior 
spectrophotometer (model 6) with cells and adapter for 0.2 ml. volume. 
(The adapter is obtainable from Samuel Ash, 3044 Third Avenue, New 
York 56.) 

3. Reagents and tubes as described above. 

The procedure is identical to that described above except that all volumes 
are increased proportionately. To 25 c.mm. of serum in a 6 X 50 mm. 
tube are added 100 c.mm. of the acid-charcoal suspension. After centri- 
fuging, a 75 c.mm. aliquot is transferred to another 6 X 50 mm. tube and 
25 e.mm. of the diphenylhydrazine reagent (No. 3) are added. After 
incubation 125 c.mm. of 70 per cent sulfuric acid are added. 

Adaptation to still larger serum volumes may be effected by simple 
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multiplication of all volumes, with a not inconsiderable increase in conven- 
ience as compared to the original Roe and Kuether procedure. 


DISCUSSION 


Aside from requiring smaller quantities throughout, the deviations from 
the Roe and Kuether procedure consist of (a) a reduction in the relative 
quantity of charcoal employed; (b) the addition of the charcoal as a sus- 
pension in trichloroacetic acid instead of as a dry powder; (c) the removal 
of protein and charcoal in one step by centrifuging instead of first centri- 
fuging the protein, then adding charcoal and filtering; (¢@) combination of 
the thiourea and dinitrophenylhydrazine reagents; and (e) reduction in the 
strength of the strong sulfuric acid employed. 

These changes reduce the number of operations and add greatly to the 
convenience of the procedure on a small scale. Filtration is scarcely prac- 
ticable with volumes of the order of 0.05 ml. Although the bulk of the 
charcoal is easily centrifuged, there is a tendency for some of it to float. 
This tendency was decreased (so that upon the addition of serum the 
floating was entirely eliminated) by suspending the charcoal and decanting 
the floating fraction, and by using less charcoal, since a smaller amount 
could be shown to suffice for complete conversion of ascorbic acid to dehy- 
droascorbie acid. Removal of protein and ascorbic acid in one step not 
only reduced the number of manipulations required, but also tended to 
carry down the charcoal more completely. It was found that identical 
results were obtained whether the charcoal was added to the serum before 
the trichloroacetic acid, after the trichloroacetic acid, or separately to the 
deproteinized serum supernatant. By reducing the strength of the sulfuric 
acid to be added after incubation from 85 to 65 per cent and chilling this 
sulfuric acid, the heat produced on mixing was so decreased that the acid 
could be added all at once, whereas by the original procedure it was neces- 
sary to add the sulfuric acid slowly over the course of a minute to prevent 
charring. A slow addition of this type would be awkward with the small 
volumes employed here. To compensate for this decrease in acid concen- 
tration, proportionately more was used. 

Certain analytical considerations which were thought to be of possible 
significance have been checked and shown to be without influence on the 
results. These are (a) the age of the trichloroacetic acid; (b) the size and 
quality of the glass tubes, whether soft glass or Pyrex; (c) the separate 
addition of the trichloroacetic acid and charcoal in water suspension in 
any order as compared to addition of the two together; (d) the age of the 
trichloroacetic-charcoal reagent; and (e) variation in charcoal concentration 
from 0.2 to 4 per cent (but with less charcoal there is less tendency for the 


charcoal to float). 
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On the other hand, a significant increase in thiourea decreases color 
development, whereas omission of thiourea increases the blank reading. 
Decreasing the final acid strength below that recommended decreases the 
amount of color development. 

Comparatwe Serum Analysis—In Table I are recorded the results of a 
comparison between the proposed method in which 0.01 ml. of serum is 
used and the Mindlin and Butler dichlorophenol indophenol method with 
1 ml. of serum. The Roe and Kuether micromethod was applied both 
to individual serum samples obtained from finger blood centrifuged in 
capillary tubes (6) and to aliquots of a large serum sample obtained by 
vein. The correlation appears to be quite satisfactory between the two 


TaBie I 
Comparative Ascorbic Acid Analyses of Blood Serum 
The values are given in mg. per cent. 


























Subject No. o--  / = —..., A — — ~ 
(macro) (micro) (micro) Kuether, vein 
1 1.92 1.84 1.97 +0.05 
2 1.31 1.34 1.34 1.52 +0.18 
3 1.33 1.33 1.35 1.40 +0.07 
4 1.01 0.93 1.03 1.18 +0.25 
5 | 1.14 1.11 1.23 1,24 +0.13 
6 0.24 0.13 0.20 
7 1.10 1.05 1.12 1.12 +0.07 
8 | 0.32 | 0.27 0.28 0.28 +0.01 
: | 1.64 1.63 | 1.65 1.65 +0.02 
10 | 1.26 | 1.21 1.28 1.28 +0.07 
II, cci4s0 920s siécengs bepevew eens cehensegctett haxae eevee eves +0.12 








*1c.mm. of 2.5 per cent bromine in water. 


methods and also between the small finger blood samples and the large 
venous samples. The values recorded for the small samples are the average 
of triplicate determinations. 

An attempt was made to substitute bromine for charcoal (as the oxidant 
for ascorbic acid). 1 c.mm. of 2.5 per cent bromine water was added to 
each tube in place of the charcoal. The procedure worked smoothly with 
pure ascorbic acid samples, but as is seen in the last column of Table I, 
there was with serum a tendency for bromine to produce slightly higher 
results than the other procedures. Evidently charcoal, in addition to 
oxidizing the ascorbic acid, removes some interfering material. Neverthe- 
less, it may be that for some purposes the bromine procedure would be 
advantageous, since the use of the somewhat troublesome charcoal reagent 
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would be avoided. In this case, the thiourea must be added as a separate 
solution before the rest of the reagent. 

Proportionality and Reproducibility—The color development was found 
to be satisfactorily proportional on the micro scale. For example, with 
standard solutions equivalent to 0.2, 0.4, 0.8, 1.6, and 3.2 mg. per cent of 
serum, observed density readings were 0.013, 0.034, 0.069, 0.133, and 0.276, 
whereas the readings, if proportional, should have been 0.017, 0.034, 0.069, 
0.138, and 0.276. Replicate determinations agree satisfactorily. For 
a series of forty-six sera ranging from 0.3 to 1.4 mg. per cent, analyzed in 
duplicate, the standard deviation of the individual determination was 


0.03 mg. per cent. 


TaBLeE II 


Effect of Storage on Ascorbic Acid Values of Blood Serum (Ascorbic Acid Plus 
Dehydroascorbic Acid) 


Per cent ascorbic acid remaining 






























































Serum 
ome Serum | Serum + acid 
38° ~ 2 38° ’ | 7 . —20° , P 4° | i —20° - 
ay “Wi 1 hr. 4 hrs. 6 days | 13 days 6 days 13 days | Séye_ | 13 days i, 
62 95 55° | 41 | 6 | 9 | 57 | (96 | (8 
Serum + acid + norit co iii: One 
“oh 25° | 4° j —2° ase ; q -_ " = | a —20° 
2 days | 8days | 2 days | 2 days 8 days  6ene 6 pam | 13 deen. 6 days 13 an 
11 | 145 | 104 | 105 | 102 | oot | 1034 | 100 | 100¢ | 100 








*Serum with 2 per cent hemolyzed blood added. 
tStored with 3 per cent metaphosphoric acid. All the rest stored with 4.5 per cent 


trichloroacetic acid. 


Stability—The advantage of the dehydroascorbic acid method from 
the standpoint of stability is shown by the results of storage tests at various 
temperatures on serum, serum with added trichloroacetic acid (Table II), 
serum with added norit and trichloroacetic acid, and extracts of serum 
made with norit and trichloroacetic acid or metaphosphoric acid. Serum 
was stored in capillary tubes. For the other samples, 10 c.mm. serum 
aliquots in 6 X 50 mm. tubes were precipitated with 30 c.mm. of acid with 
or without added norit and were either stored in these tubes without 
separating the supernatant or the supernatant was transferred to other 
6 X 50 mm. tubes for storage. The samples were analyzed at various times 
up to 13 days. It is evident that no loss was detectable even at room 
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temperature with the acidified samples, and even the serum stored at 4° 
contained considerable amounts of ascorbic acid (presumably as dehydro- 
ascorbic acid) after 6 days. Under these conditions only the frozen samples 
would have contained detectable amounts of reduced ascorbic acid after 
2 days; i.e., all but possibly the frozen samples would have given zero 
values with dichlorophenol indophenol. However, in spite of this con- 
siderable stability, some care must be taken in hot weather to keep blood 
or serum samples cool until they are acidified, since at 38° there is detectable 
loss in 1 hour and serious loss in 4 hours (Table II). It is further indicated 
that hemolysis tends to accelerate the process of destruction; hence special 
care should be taken to keep hemolyzed specimens cool. 

It will be noted that for samples stored with norit at room temperature 
the absorption values increased; evidently the charcoal caused the forma- 
tion of something which reacts with the Roe and Kuether reagent. The 
tendency for the charcoal to float is somewhat increased by freezing and the 
subsequent necessary stirring. This makes it advisable, when samples 
are to be stored in the frozen state, to separate the supernatant before 
freezing. 

The advantage of being able to store acidified samples until a large 
number have been collected is obvious. Because of this and the other 
advantages ascribed to it, the proposed method appears to satisfy the re- 
quirements of a micromethod for purposes of nutritional surveys. 


SUMMARY 


The dinitrophenylhydrazine method of Roe and Kuether has been 
adapted to the determination of ascorbic acid in 0.01 ml. of serum. The 
values obtained are in agreement with those obtained by the macro indo- 
phenol method of Mindlin and Butler. 

Necessary changes in procedure for adaptation to microanalyses appear 
to represent simplifications applicable to macroanalyses as well. 

The micromethod is particularly suited for nutritional surveys owing to 
(a) the ease of obtaining suitable blood specimens, (6) the stability of 
specimens, and (c) the convenience for large scale analytical operations. 
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In the course of work in this laboratory (1-2) the need of simple, sensi- 
tive, and reasonably accurate methods was felt for the determination of 
several biologically important ions on small quantities of material. The 
present paper reports our work on the determination of potassium. 

The colorimetric methods for potassium are all indirect and require the 
isolation of the element as some slightly soluble compound containing a 
constituent capable of giving an intensely colored product with a suitable 
reagent. Potassium is determined colorimetrically by first isolating it as 
the potassium chloroplatinate, potassium, sodium, or silver cobaltinitrite, 
or potassium dipicrylaminate. The chloroplatinate method is the oldest 
and generally considered to be the best for determining macro and micro 
quantities of potassium, but on account of the high price of platinum, and 
the consequent necessity of recovering the platinum from the residues, less 
expensive procedures have been sought. The dipicrylamine reagent has 
been recently introduced into quantitative analysis (8-5) and may be 
applied to the determination of 0.01 to 0.1 mg. of potassium. Sodium 
eobaltinitrite is probably the most sensitive precipitant of potassium (6), 
and in halogen-free solutions an even more insoluble precipitate is obtained 
by using silver cobaltinitrite as a precipitant (7-8). The difficult point to 
observe with these reagents is the structure of the precipitate which very 
often has been questioned, and formulae ranging from KNa.(Co(NOz).) to 
K,Na(Co(NO+)s) have been reported, depending on the conditions under 
which the precipitation is carried out (9). Hubbard (10) found that the 
relative concentrations of potassium, sodium, cobalt, and nitrite ions and 
the acidity of the solution were the factors which most markedly affected 
the composition of the precipitate, and recommends adding sodium acetate 
to obtain approximately theoretical results. Jendrassik (11-12) found that 
high precision is attained only if potassium is precipitated by adding 
separated solutions of cobalt nitrate and sodium nitrite. Sobel and Kramer 
(13) found that under the conditions of their technique the constant atomic 
ratio of K:Co was 2:1.2. Robinson and Putnam (14), by using a modifica- 
tion of the method of Breh and Gaebler (15) and applying it to the deter- 
mination of potassium in water, obtained a precipitate of definite structure, 
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the composition of which was best represented by the formula Ky ssAgi.¢5 
(Co(NO,)s). Robertson and Webb (16) used the silver cobaltinitrite rea- 
gent for estimating potassium in sea water and blood and in body fluids of 
marine animals. 

The variations reported have led to the conviction that the cobaltinitrite 
method is less accurate because of the variable K:Na ratio in the 
precipitate; so that it is generally agreed that the composition of the pre- 
cipitate is best represented by the formula (KNa)3(Co(NO,)s) which ex- 
presses well the property which sodium and potassium have of forming a 
series of double nitrites with cobalt. Nevertheless, under regulated con- 
ditions of precipitation the composition is fairly reproducible and many 
chemists have obtained excellent results with the cobaltinitrite method. 

To determine indirectly the potassium, the diazotization of an aromatic 
amine with the nitrite content of the precipitate followed by a coupling 
reaction has been extensively used (12, 17-22). It seems, however, that 
the more stable cobalt is to be preferred. Tomula (23) develops the blue 
color with thiocyanate in 75 per cent acetone; Durupt and Schlesinger (24), 
also Gerschmann and Marenzi (25), employ Vogel’s reaction, but the blue 
color is extracted with ether-amyl] alcohol mixture. Yoshimatsu (26) dis- 
solves the sodium potassium cobaltinitrite precipitate in nitric acid and 
compares the color given by cobalt with dimethylglyoxime and sodium 
sulfide. Jacobs and Hoffman (27), after dissolving the precipitate in hot 
water, add choline hydrochloride and potassium ferrocyanide; an emerald- 
green color develops. Sobel and Kramer (13) dissolve the potassium 
sodium cobaltinitrite in hydrochloric acid, evaporate to dryness, dissolve 
the residue in a potassium pyrophosphate solution, and add a solution of 
cysteine hydrochloride and hydrogen peroxide; an intense yellow color 
develops which is compared in a colorimeter against a standard made simul- 
taneously. 

Breh and Gaebler (15) determine indirectly the potassium in the potas- 
sium silver cobaltinitrite by employing the reaction between cobalt and 
ammonium thiocyanate in alcoholic solution and use a curve to correct for 
the discrepancy between color intensity and cobalt concentration. Robin- 
son and Putnam (14) determine the nitrite content of the potassium silver 
cobaltinitrite by the extremely sensitive Griess method. 

Harris (28) in his modified silver cobaltinitrite method for potassium 
determines the nitrite contents of the precipitate, as did Robinson and 
Putnam. 

In the method to be described in the present paper, potassium is isolated 
as the potassium silver cobaltinitrite and cobalt is determined photometri- 
cally after adding dimethylglyoxime and benzidine. The qualitative color 
reaction was described by Chiarottino (29) and found to be highly sensitive 
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by Spacu and Macarovici (30) who applied it to the colorimetric determina- 
tion of cobalt by comparing in a colorimeter the color intensity of the sample 
against a standard prepared simultaneously. 

Method 

Reagents 

A. Silver cobaltinitrite. This reagent is prepared according to the direc- 
tions given by Robinson and Putnam (14). Dissolve 25 gm. of sodium 
cobaltinitrite in 150 ml. of sodium nitrite solution containing 50 gm. of 
sodium nitrite. Add with stirring 5 ml. of a 40 per cent solution of silver 
nitrate, dilute to 200 ml. with distilled water, add 2 ml. of glacial acetic 
acid, and draw air through the cold solution until the evolution of gas has 
passed off. The reagent is placed in the ice chest and after standing for 
12 to 24 hours at 4-6° is filtered by gentle suction on a fine Jena glass filter 
and preserved in a dark glass-stoppered bottle in the ice box at 4-6° when 
notin use. Just before use a portion is filtered as above. Reaerate weekly 
and discard after 1 month. 

B. Washing liquids. Distilled water; 50 per cent acetone; pure acetone. 
The acetone must give an entirely negative test with silver nitrate. 

C. Hydrochloric acid, sp. gr. 1.19. 

D. Dimethylglyoxime reagent. 1 gm. of dimethylglyoxime in 100 ml. of 
95 per cent ethy! alcohol. 

E. Benzidine reagent. 1 gm. of benzidine in 100 ml. of 95 per cent ethy! 
alcohol. Keep in a dark glass-stoppered bottle away from sunlight; diseard 
if color develops. All of the chemical and solutions must be of the purest 
grade, as free from impurities as possible. 

Procedure 

Pyrex conical bottomed centrifuge tubes graduated at 5, 7.5, and 10 ml. 
are used in our technique. An exactly measured quantity of the am- 
monium- and halogen-free, neutral or slightly acid (acetic acid) solution to 
be tested is introduced into the centrifuge tube and 1 ml. of Reagent A is 
added to each ml. of the potassium-containing solution. Mixing is effected 
by holding the tube between the thumb and the forefinger of one hand and 
flipping the fingers of the other hand rapidly against the bottom of the 
tube. After standing in the ice box at 4-6° for at least 2 hours, the pre- 
cipitate and solution are centrifuged for about 15 minutes at 3000R.P.M. 

The supernatant liquid is drawn off to within about 0.5 ml. by means of a 
capillary with an upturned tip so as not to disturb the precipitate. The 
first washing is made with distilled water. Add about 1 ml. of water, drop 
by drop, letting the liquid run ‘along the walls of the tube so as not to raise 
the precipitate. In this way two liquid layers are formed, one the almost 
undiluted silver cobaltinitrite reagent, the other a very dilute solution of 
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the same reagent. In order to mix these layers with as little disturbance of 
the precipitate as possible, carefully incline the tube to an almost horizontal 
position and rapidly turn it up. After repeating these movements three or 
four times, wash the entire inside of the tube with 4 ml. of distilled water 
added from a pipette moved around the top of the tube. Centrifuge for 
about 10 minutes at 3000 r.p.m. and withdraw the supernatant liquid as 
before. Repeat the washing and withdrawal, using 50 per cent acetone 
instead of distilled water. Next wash with pure acetone. After centri- 
fuging for about 5 minutes at 3000 r.p.M., if care is taken to “‘bed’’ the pre- 
cipitate down well, the liquid can be poured off without any loss of the 
precipitate. Carefully decant the supernatant liquid, drain well on filter 
paper, and wipe off the edge of the tube with a clean cloth or lintless filter 
paper. Wash once again with pure acetone, centrifuge, decant, drain well, 
and wipe off the edge of the tube as before. The supernatant liquid should 
be colorless at the end of the second washing with pure acetone. If not, 
wash again with acetone. Next add 0.1 ml. of hydrochloric acid, sp. gr. 
1.19, and evaporate to dryness on an air bath, the temperature of which is 
slowly raised to about 150-160°. The air bath is covered by a perforated 
brass plate which holds the centrifuge tubes vertical. 

After removing all excess acid, cool to room temperature, add distilled 
water, heat in a boiling water bath, cool again, add Reagent D, and after- 
wards Reagent E, and dilute the contents of the tube with distilled water 
to an appropriate volume and mix thoroughly. 

The photometric measurements are made with the Zeiss Pulfrich step- 
photometer. The technique employed in making the measurements is that 
described in the directions which accompany the instrument.'! The extine- 
tion, Z, was either read from a calibrated drum on the photometer or cal- 
culated from the transparency, D. The extinction coefficient, k, was then 
obtained by dividing F by s, the length of the cell used; k = E/s. 


Photometric Determination of Cobalt 


In order to apply Chiarottino’s test reaction to the indirect determina- 
tion of potassium isolated as the potassium silver cobaltinitrite, a study was 
made on the photometric determination of cobalt by means of this color 
reaction which is very sensitive to small quantities of cobalt and useful for 
wide ranges of this element. The present author has found that this color 
reaction is suitable for the photometric determination of cobalt in the potas- 
sium silver cobaltinitrite precipitate. 

Procedure—To the neutral solution of cobalt add Reagent D, and after- 
wards Reagent E, mix, dilute with distilled water to an appropriate volume, 
and mix thoroughly. Determine the extinction with the use of Filter S-43 


1 Mess 430 d/IV. 
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and cells of appropriate length. Such a depth of cell is selected that the 
extinction, FE, lies between 0.15 and 0.80. 

Effect of Excess of Reagent on Color—An excess of dimethylglyoxime has 
no effect on the transmittance. A cobalt solution, 1.45 mg. per 100 ml., 
was treated with 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1.0, 1.5, and 2.0 ml. of Reagent 
D, 0.2 ml. of Reagent E being added in each case. The values of k were as 
follows (0.25 cm. cell length): 1.948, 1.948, 1.960, 1.936, 1.948, 1.960, 1.936, 
and 1.948. The same does not hold for Reagent E. The above solution of 
cobalt treated with 0.5 ml. of Reagent D in each case and varying quantities 
of Reagent E, from 0.2 to 2 ml., gave extinction coefficients, k, which varied 
from 1.948 for 0.2 ml. of reagent to 2.176 when 2 ml. were added. From the 
data thus obtained it was concluded that Reagent E must be used discreetly, 
and that unnecessarily large amounts of it are not to be added to the sample 
to be analyzed. 0.2 ml. of Reagent E for 10 ml. final volume is the amount 
used in the present technique. 


TaBLeE I 
Effect of Final Volume on Color 
The solution contained 0.5 mg. per 100 ml. of Co in each case. 











Final volume Cell length E | k 
——-—_ | 7m. a Ga ar bx 
2.5 0.5 0.337 0.674 
5.0 1.0 0.670 
7.5 1.0 0.670 
10.0 1.0 | 0.670 








Stability of Color—The maximum color develops within about 10 minutes 
after Reagents D and E are added, and remains unchanged for at least 20 
hours if pure solutions of cobalt are used. This is shown in the following 
experiment. 

A solution of cobalt, 0.50 mg. per 100 ml., was treated with 0.5 ml. of 
Reagent D and afterwards with 0.2 ml. of Reagent E. The values of k 
were as follows: 2 minutes 0.585, 3 minutes 0.602, 5 minutes 0.635, 10 
minutes 0.658, 30 minutes 0.658, 3 hours 0.658, 20 hours 0.658. 

Effect of Final Volume on Color Readings—A change of the final volume 
has no effect on the extinction, as is shown in Table I. 

Effect of Temperature on Color Readings—It was found that anywhere in 
the range of 20-30°, which covers the usual room temperature, the color ~ 
readings were identical. 

Lambert-Beer Law—Under the conditions of the present technique the 
intensity of the color which develops is determined by the amount of cobalt 
present. Calibration graphs plotted with the per cent of cobalt and extine- 
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tion coefficient k as coordinates were straight lines; an equation for the per 
cent of cobalt may thus be derived from the slope of the line. 

The extinction coefficient, k, is the extinction for a 1 cm. layer of 
absorbing medium, and is directly proportional to the concentration of a 
solution, if the Lambert-Beer law holds. If so, the concentration of an 
unknown may be calculated simply by measuring the extinction of a layer of 
known thickness. 

If k denotes the extinction coefficient of a solution of known concentra- 
tion, ¢;, the concentration of an unknown, ¢2, giving an extinction coefficient, 





TaBLe II 
Relation of Extinction Coefficient, k, to Concentration of Cobalt, c 
Co Cell length D E k 
me. per 100 ml. cm. 
0.050 3.0 63 0.201 | 0.067 | 0.746 
0.100 3.0 39.4 | 0.405 0.135 | 0.741 
0.150 3.0 25 | 0.602 | 0.201 | 0.746 
0.200 2.0 29.4 0.532 0.266 0.752 
0.250 2.0 ime h e@ Tf €a +) ee 
0.300 1.0 39.6 | | 0.402 | 0.746 
0.350 1.0 34 | 0.469 0.746 
0.400 1.0 29.4 0.532 0.752 
0.450 1.0 | 25 | 0.602 | 0.748 
0.500 1.0 21.4 0.670 0.746 
0.600 1.0 | 16 | 0.796 | 0.754 
0.700 0.5 34.4 | 0.468 | 0.92% | 0.756 
0.800 0.5 29.4 0.532 1.064 0.752 
0.900 0.5 25.4 0.595 1.190 0.756 
1.000 0.5 21.4 0.670 1.340 0.746 
Mean .. RU A ie a ee 0.749 
error of each determination, V zd?/(n OF Mae ous Me Pree 0.0445 
“ .* meee. VJ sd3/(n(n _ ; aT 0.0012 


ke, is Co = (€)/ki) X ke; ke, and c2 are variables and ¢,/k; is a constant which 
once determined will always hold for the method; so that the concentration 
of an unknown is readily calculated by multiplying the constant by the 
extinction coefficient. 

Table II shows that the extinction coefficient, k, is directly proportional 
to the concentration of cobalt, c. 


Photometric Determination of Potassium 


K:Co Ratio in Potassium Silver Cobaltinitrite; Calibration Factor for 
Potassium—Potassium sulfate “pro analysi,” Schering-Kahlbaum, was 
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weighed out accurately, dissolved in distilled water in a 1.000 ml. volumet- 
rie flask, and diluted to the mark with distilled water. Aliquots were taken 
and potassium was determined gravimetrically by the method accepted by 
the Association of Official Agricultural Chemists (31). Aliquots of this 
solution were then conveniently diluted. Potassium was precipitated as 
the potassium silver cobaltinitrite, the precipitate was washed as described, 
and cobalt determined photometrically by the above procedure. According 


TaBLe III 


K:Co Ratio in Potassium Silver Cobaltinitrite Precipitate; Calibration 
Factor for Potassium 


Volume of colored solution, 10 ml. in each case. 








K Cell length D E k | Cofound | ; 
taloted solution | ™ | inl floral | 
0.05 | 3.0 60 | 0.222 | 0.074 | 0.0554 | 0.676 
0.08 3.0 43.5 | 0.362 0.121 | 0.0906 | 0.670 
0.10 3.0 36.2 0.441 0.147 | 0.1101 | 0.680 
0.15 3.0 21.6 0.666 0.222 | 0.1663 | 0.676 
0.20 2.0 25.6 0.592 0.296 | 0.2217 | 0.676 
0.25 1.0 42.5 0.372 0.2786 | 0.672 
0.30 1.0 35.8 | 0.446 | 0.3341 | 0.673 
0.35 1.0 30 0.532 | 0.3917 | 0.669 
0.40 1.0 25.6 0.592 | 0.4434 | 0.676 
0.45 1.0 21.6 0.666 | 0.4988 | 0.676 
0.50 1.0 18 | 0.745 | 0.5580 | 0.671 
0.60 0.5 36 | 0.444 0.888 0.6651 | 0.676 
0.70 0.5 30 | 0.522 | 1.044 0.7820 | 0.670 
0.80 0.5 25.6 | 0.592 | 1.184 0.8866 | 0.67 
0.90 | 0.5 21.4 | 0.670 | 1.340 1.0037 | 0.672 
1.00 | 0.5 18.2 0.740 | 1.4890 | 1.1085 | 0.676 
Mean.... ie Bis, JESU bt EN AIRES ves aks TR 0.674 
‘* error of each determination...... een ee .... 0.003 
‘ag : Ee Ce ee ee ee 0.0008 


to the results shown in Table III, if we assume that the potassinm was 
completely precipitated, the formula of the potassium silver cobaltinitrite 
obtained under the above conditions may be represented as K, sAgy.cs- 
(Co(NOs)s). ! 

Effect of Acidity on Precipitation of Potassium—The solution of potassium 
to be tested must be neutral or slightly acid. We have always employed 
acetic acid and found that up to an acidity corresponding to 2 N no effect 
is seen on the precipitation of potassium. Potassium was determined on 
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aliquots of the same solution, according to the above procedure, under 
exactly the same conditions except for the quantity of acetic acid added, 
which was varied to give normalities ranging from 0.0, 0.2, 0.3, 0.4, 0.5, 
1.0, 1.5, to 2. The values of & were as follows: 0.500, 0.495, 0.517, 0.490, 
0.495, 0.509, 0.500, 0.495, and 0.495. 

Effect of Time on Precipitation—1 ml. of a solution containing 30.6 y of 
potassium per ml. was treated with 1 ml. of Reagent A and allowed to stand 
in the ice box at 4-6° for various periods ranging from 30 minutes to 18 
hours. Potassium was then determined as described in the procedure, the 
volume of the colored solution being 10 ml. in each case. The solutions 
showed the following extinction coefficients, k, after various times of stand- 
ing: 30 minutes 0.398, 1 hour 0.420, 2 hours 0.456, 3 hours 0.449, 18 hours 
0.449. From these data it was concluded that 2 hours standing in the ice 
chest at 4—6° is long enough to secure maximum precipitation of potassium 
under the conditions of the procedure, and that longer times, at least up to 
18 hours, are not prejudicial. 

Stability of Color—As has already been shown, if pure solutions of cobalt 
(CoCl,-6H,O) are used, the color remains unchanged for at least 20 hours. 
The same does not hold for the color developed after the potassium silver 
cobaltinitrite complex is destroyed with hydrochloric acid and the resulting 
solution evaporated to dryness, as is shown in the following experiments. 
A solution of potassium, 0.50 mg. per 100 ml., was treated according to 
the conditions prescribed. The colored solution showed the following 
values of k after various times of standing: 2 minutes 0.638, 5 minutes 
0.674, 10 minutes 0.734, 15 minutes 0.734, 30 minutes 0.734, 45 minutes 
0.734, 1 hour 0.754, 28 hours 0.886. This is probably due to the catalytic 
action of silver chloride present in the system. 


Determination of Potassium in Biological Materiais 


Ashing—We have used wet ashing to remove ammonium and halogen 
ions from the incinerated material. Ammonium salts give a precipitate 
similar to that produced by potassium and must therefore be completely 
eliminated before precipitating potassium, and obviously the solution must 
be halogen-free. Halogens could be precipitated with a silver nitrate solu- 
tion but, as Robimson and Putnam found, only a slight excess of silver ion 
should be present from the precipitation of the chloride, for, otherwise, a 
higher silver-potassium ratio in the precipitate is to be noted. In view 
of this, we have tried to avoid precipitating the halogens existing in the 
solution to be tested by means of silver nitrate. To this effect the following 
modification was introduced in the wet ashing procedure previously used 


(32). 
A sample of convenient size is accurately measured and placed in a 180 X 
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15 mm. Pyrex, or preferably fused silica, test-tube graduated at 1 ml. 0.5 
ml. of a nitric-perchloric acid mixture (3 ml. of HNOs, sp. gr. 1.40, and 1 ml. 
of HCI1Q,, sp. gr. 1.67) is added and the tube is heated on an air bath, 
the temperature of which is slowly raised to about 135°. The air bath is 
covered by a perforated brass plate which holds the tube vertical. The 
acid solution boils gently. After the brown fumes of oxides of nitrogen have 
evolved, if charring occurs, add measured quantities of the acid mixture 
(about 0.2 ml. at a time) and continue until a colorless or very pale yellow 
liquid is obtained. The temperature of the air bath is then slowly raised 
to about 205°, until white fumes appear. If the solution is not colorless at 
this point, add more of the acid mixture as before, and heat at about 135° 
and then at about 205°. After a white, or very pale yellow, residue is ob- 
tained, raise the temperature of the air bath to about 250°, until all excess 
of perchloric acid has been removed. The test-tube is then heated more 
vigorously on a micro burner flame. According to the amount of nitrogen 
present in the sample, and thus to the quantity of ammonium perchlorate 
formed in the process, very slight explosions may be observed in the tube. 
The heating is continued until all fumes have evolved. This eliminates 
ammonium. Cool the tube, add 0.5 ml. of 2 Nn H.SO,, evaporate on the air 
bath at about 130°, and then heat on a small flame, with continuous shaking, 
until white fumes appear. Continue the heating until there is free evapora- 
tion of the sulfuric acid. Cool, add 0.5 ml. of distilled water, heat the test- 
tube slightly, and then cool. Dilute exactly tothe mark. Run a standard 
at the same time, under exactly the same conditions. The acid solution 
obtained at the end of the process is ammonium- and halogen-free. 
Determination of Potassium in the Ash—A convenient aliquot is taken 
from the cold acid solution of the ash and transferred to a Pyrex conical 
bottomed centrifuge tube graduated at 5, 7.5, and 10 ml. Add a drop of 
methyl red, and afterwards, drop by drop, a concentrated solution of sodium 
carbonate until the solution becomes alkaline. Plunge the tube in a boiling 
water bath for about 5 minutes. If a precipitate, or turbidity, forms at this 
stage, cool, centrifuge, and decant the supernatant liquid to a similar Pyrex 
centrifuge tube. Dissolve the precipitate in a few drops of 2 n CH;COOH, 
add about 0.5 ml. of distilled water and a drop of methyl red, and repeat the 
precipitation with sodium carbonate as before. Centrifuge and add the 
supernatant liquid to the second Pyrex centrifuge tube. To this solution 
add, drop by drop, a measured quantity of 5 n CH;COOH until the liquid 
becomes pink. Plunge the tube in a boiling water bath to remove all CO, 
formed in the process. Add more dilute acetic acid, about 1 Nn, to keep the 
liquid slightly acid, if necessary. Evaporate the solution thus obtained to 
about 1 ml., cool, add 1 ml. of Reagent A, and proceed as directed under 
“Procedure.”’ The standard should be treated in the same manner as the 
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TaBLe IV 


Determination of Potassium on Sample of Serum from Callinectes danae Smith 


Serum corre- 
sponding to | 


aliquot taken | Final volume | Cell length D E k K 
from solution 
of ash 
mi. mi. om. mg. per 100 ml. 
0.04 7.5 l 49 0.310 39.43 
0.04 10 ] 58 0.237 39.93 
0.0 | 7.5 1 24 | | 0.620 | 39.18 
0.08 i; 10 1 34.6 0.461 | 38.84 
0.08 10 1 34 0.469 39.51 
0.12 7.5 0.5 36.6 0.474 0.948 39.93 
0.12 10 0.5 44 | 0.357 0.714 40.10 
0.16 10 0.5 33 | 0.480 | 0.960 40.44 
0.16 | 10 0.5 33.6 0.474 | 0.948 | 39.83 
Mean .. 39.69 
** error of each determination , 0.5785 
as ‘mean 0.1929 
Coefficient of variation Coe e as Caen ewe tas - - aa 


TABLE V 


Determination of Potassium on Sample of Serum from Bufo marinus L. 


Serum corre- 
sponding to Pe . . : 
aliquot taken | Final volume | Cell length D E k K 
from solution | 
of ash 
ml. mil. cm, | mg. per 100 ml. 
0.04 7.5 2 57 0.244 0.122 15.42 
0.04 10 3 53.5 0.272 0.091 | 15.33 
0.04 10 3 54.5 0.264 0.088 | 14.83 
0.08 7.5 2 | 34.4 0.463 0.232 | 14.66 
0.08 | 10 3 =| 30 | 0.523 | 0.174 | 14.66 
0.08 | 10 3 28 0.552 | 0.184 | 15.50 
0.16 | 7.5 1 34 | 0.469 | 14.82 
0.16 10 1 43 0.367 | 15.46 
0.16 10 1 4.5 | | 0.352 | 14.83 
Mean 15.06 
error of each determination $F 0.3605 
“ “mean , 0.1202 
Coefficient of variation ee Se ey ee ee a3 ee 


sample solution. The color readings must be made within 10 to 30 minutes 
after the addition of the reagents. 
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TaBLe VI 
Determination of Potassium on Sample of Human Serum 


Serum corre- 




















sponding ed Bia | | 
aliquot taken | Final volume | Cell length | D E 
from solution | 
of ash | 
ml. mil. cm. hraa | | mg. per 100 ml 
0.04 7.5 2 | 47.5 0.322 | 0.161 | 20.35 
0.04 10 ae | 0.347 | 0.116 | 19.55 
0.04 10 3 |} 43.5 0.362 | 0.121 20.39 
0.08 7.5 2 | 2 0.638 | 0.319 20.17 
0.08 10 2 | 32 0.495 | 0.248 20.89 
0.08 | 10 2 | 33 | 0.482 | 0.241 20.30 
0.12 7.5 1 34 | 0.469 19.76 
0.12 | 10 1 45 OC | 0.347 19.49 
0.12 10 a! Pl es | 0.367 20.61 
0.16 7.5 l | 23 | | 0.638 20.16 
0.16 10 . | 0.461 19.42 
0.16 10 I 35 0.456 | 19.21 
Mean ian ae 
‘* error of each determination. .................... i. See 
“ o © wees, ‘xm lk’ aintpee ol ae Peis Rat cies ood eae 0.1522 
Coefficient of variation. « :a Saami canard Mee cea ik a anda 2.63 
Taste VII 
_ Recovery of Potassium Added to Serum 





K corresponding 
Serum to quantity of serum K added K found we K recovered 
used in analysis | 











7 . 7 7 7 
Callinectes danae_ | 31.75 12 42.45 10.70 
Smith 31.75 | 16 47.59 15.84 
31.75 53.26 21.51 
63.50 | 12 | 74.41 10.91 
63.50 16 81.07 | 17.57 
63.50 20 83.58 20.08 
Human 16.02 12 27.57 11.55 
16.02 | 20 34.41 | 18.39 
$2.04 | 12 42.26 | 10.22 
| 32.04 | 16 49.27 17.23 
: 32.04 20 51.22 19.18 

Results 


According to the results shown in Tables IV, V, and VI it is easy, by 
exercising care, to obtain a fair degree of accuracy with this method. 
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The recovery of potassium added to the various sera investigated was 
remarkably good, considering the small quantity of potassium involved, as 
is shown in Table VII. To the sample a measured quantity of a standard 
solution of potassium was added, the whole was ashed, und the entire pro- 
cedure carried out as described. 


SUMMARY 


A further modification of the silver cobaltinitrite method of Breh and 
Gaebler for use with 0.05 to 0.20 ml. of blood serum is presented. 

Potassium is isolated as the potassium silver cobaltinitrite and cobalt is 
determined photometrically by employing the Chiarottino color test. The 
applicability of this reaction was studied for quantitative estimation of 
cobalt in the potassium silver cobaltinitrite complex. 

The color system follows the Lambert-Beer law; therefore the concentra- 
tion of an unknown is readily calculated. 

The potassium content of 0.05 to 0.2 ml. of solutions containing 15 to 40 
mg. per 100 ml. was estimated by the photometric determination of cobalt 
in the potassium silver cobaltinitrite precipitate with an error inferior to 3 
per cent. 

A simple, yet reliable, method of ashing the sample is described, and 
analyses for blood serum from different animals are given. 

Good recovery of potassium added to the sera used was obtained. 
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LETTERS TO THE EDITORS 





AEROBIC PHOSPHORYLATIONS IN TISSUE SLICES* 
Sirs: 

In the course of studies on phosphorylative mechanisms in surviving rat 
kidney and liver slices, it has been found that organophosphates do not 
accumulate in the slices. In fact, there is breakdown of organophosphates 
initially present. This occurs even though the slices show considerable 
metabolic activity, as indicated by oxygen uptake. 

When Naf is added to the medium, there is an increase in the amount of 
organic phosphates in the slices. It is difficult to tell whether the increase 
is due to an inhibition of the decomposition of the organophosphates or 
whether the increase represents newly synthesized esters. However, it has 
been possible to solve this problem through the use of radioactive phos- 
phorus. 

In the table are given the results of a typical experiment with kidney 
slices. In the absence of NaF, there is much less radioactive phosphorus 
fixed in the organic form than in the experiments in which NaF is present. 
This takes place despite the fact that NaF causes a depression of the oxygen 
uptake. This is understandable, since fluoride probably inhibits the phos- 
phatase which normally causes the breakdown of the newly synthesized 
compound. 

It is of importance to note that there are negligible amounts of adenosine 
pyrophosphate in the slices even when fluoride is present. Only from 10 
to 20 per cent of the total organic phosphate contains radioactive phospho- 
rus. The radioactivity is present largely in a compound which appears to 
be phosphoglyceric acid. 

Glucose and lactate are not effective in increasing the formation of the 
intermediate. Malonate partially inhibits the fixation of the radioactive 
phosphorus. In the absence of oxygen, there is no accumulation of the 
radioactive compound (see the table). Because there is no synthesis 
anaerobically, it is likely that the radioactive compound is formed through 
aerobic phosphorylation reactions similar to those described by Colowick 


* This study was aided by a grant from the John and Mary R. Markle Foundation. 
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632 LETTERS TO THE EDITORS P 
etal. and Ochoa.2. These experiments can be considered as evidence that 
aerobic phosphorylation processes occur in excised tissues. 


Per gm. tissue Radioactivity per gm. tissue* 
Inorganic Pt Organic P* Inorganic P® Organic P® QO: 
me. me. 
Without F 0.510 0.240 24.36 1.84 116 
0.622 0.358 25.18 2.32 115 
0.422 0.262 18.08 1.72 121 
With F 0.450 0.650 29.45 8.55 77 
0.529 0.620 29.05 6.95 71 
0.550 0.725 31.50 7.90 SO 
* © in absence 0.800 0.400 37.15 0.650 
of O, (in helium ) 0.690 0.475 36.90 0.745 
0.735 0.384 37.41 0.800 


* Expressed as per cent of the radioactivity originally present in the medium. 


We are indebted to Professor Harold E. Himwich for his encouragement 
and advice in this work. 
NatHan O. Kapian 
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! Colowick, 8S. P., Welch, M. 8., and Cori, C. F., J. Biol. Chem., 133, 359 (1940). 
Colowick, 8. P., Kaleckar, H. M., and Cori, C. F., J. Biol. Chem., 187, 343 (1941). 
2? Ochoa, 8., J. Biol. Chem., 161, 493 (1943). 














THE EFFECT OF ANTERIOR PITUITARY EXTRACT AND OF 
INSULIN ON THE HEXOKINASE REACTION* 


Sirs: 


The first step in the utilization of glucose by animal tissues, a step com- 
mon to its transformation to glycogen and its oxidation, is catalyzed by 
hexokinase: glucose + adenosine triphosphate — glucose-6-phosphate + 
adenosine diphosphate. This reaction can be inhibited by anterior pitui- 
tary extract (APE),' either by injecting rats with APE prior to the prepara- 
tion of tissue extracts or by adding APE to the enzyme preparation in 
vitro, and the inhibition can be counteracted by insulin® either in vivo or 
in vitro. 

When phosphate-saline extracts of various rat tissues (muscle, liver, 
kidney, heart, brain) are used and APE is added, the hexokinase activity 
curves show a lag period, the duration of which depends on the amount of 
APE added. The resumption of hexokinase activity after 15 minutes of 
incubation, which is shown in Fig. 1, is due to an enzymatic inactivation of 
APE in crude tissue extracts. When purified preparations of muscle hexo- 
kinase are used, the inhibition of hexokinase by APE is not released with 
time (Fig. 2). In contrast to animal hexokinase, yeast hexokinase is not 
inhibited by APE. 

Rats made diabetic by the injection of alloxan yield tissue extracts which 
show the same enzyme activity curves as those obtained from rats pre- 
viously injected with APE. The brain is an apparent exception, since 
brain extracts prepared from rats injected with alloxan or with APE do not 
show an inhibition of hexokinase activity. Brain extracts can, however, 
be inactivated by addition of APE in vitro. 

The conversion of glycogen to lactic acid in muscle extract is not in- 
hibited by APE. When oxygen consumption is measured in a dialyzed 
liver dispersion, oxidation of glucose is inhibited by APE, while that of 
fructose-6-phosphate and of pyruvate is not. 

Insulin releases hexokinase from APE inhibition in all cases mentioned, 
but does not by itself enhance hexokinase activity under these experimental 
conditions. Within a certain range the release of inhibition is proportional 
to the amount of insulin added in vitro. That the in vivo action of insulin is 
of a similar nature is indicated by the fact that muscle extracts prepared 


* Supported by a research grant from the Nutrition Foundation, Ine. 
! The K fraction described by Greaves, Freiberg, and Johns (J. Biol. Chem., 133, 


243 (1940)) was used in all cases. 
? An amorphous insulin preparation (20 units per mg.) was supplied by Eli Lilly 


and Company. 
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from diabetic rats after the injection of insulin show normal hexokinase 
activity. When insulin is reduced by cysteine, it no longer exerts its 
antagonistic effect against APE inhibition of hexokinase activity. 
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Fig. 1. The effect of APE (K fraction) on the hexokinase activity of phosphate- 
saline extracts of liver and of APE and insulin on phosphate-saline extracts of muscle. 
The hexokinase activity is measured manometrically as described previously (Colo- 
wick, 8. P., and Price, W. H., J. Biol. Chem., 157, 415 (1945)). APE and insulin are 
added from the side arm 5 minutes before tipping in the substrates. Curve I, liver 
hexokinase ; Curve II, liver hexokinase + 200 y of APE; Curve III, muscle hexokinase; 
Curve IV, muscle hexokinase + 500 y of APE + 100 y of insulin; Curve V, muscle 
hexokinase + 500 y of APE, 

Fic. 2. The effect of APE (K fraction) and insulin on purified muscle hexokinase. 
A fraction of fresh phosphate-saline extract precipitated by 25 per cent acetone at pH 
5.9 in the cold was used. The experimental conditions were the same as in Fig. 1. 
The disappearance of adenosine triphosphate was determined chemically at the end of 
the experiment and was found to be in agreement with the results obtained by the 
manometric procedure. Curve I, hexokinase; Curve II, hexokinase + 400 y of APE 
+ 75 y of insulin; Curve III, hexokinase + 400 y of APE. 


The numerous implications of these findings will be discussed in later 
publications. 
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METHYLATION OF GUANIDOACETIC ACID BY HOMOCYSTINE 
PLUS CHOLINE WITH RAT LIVER SLICES 


Sirs: 


The methylation of guanidoacetic acid by liver slices is accelerated by 
methionine; choline, under these conditions, exerts no significant accelerat- 
ing effect.' In view of the fact that homocystine plus choline can replace 
methionine for growth,? and of the isotope experiments which proved the 
transfer in vivo of the methyl groups of choline to creatine,’ it has been sug- 
gested, from indirect evidence, that the pathway of the methyl group to 
creatine is more direct from methionine than from choline. More specific 
evidence is desirable, especially as neither homocystine nor homocysteine 
has been identified in animal tissues. 

In experiments with rat liver slices designed to obtain such evidence it was 
found that dl-homocystine plus choline accelerates the methylation of 
guanidoacetic acid as effectively as does dl-methionine. Homocystine is 
ineffective without choline, as is choline without homocystine. 

dl-Homocystine and choline are more effective than dl-homocysteine and 
choline.® 

These observations are the first, as far as we are aware, on the utilization, 
outside the whole animal, of the methyl groups of choline in the formation 
of creatine. 

They furnish direct evidence that homocystine can function as a carrier 
of the methyl groups of choline in the methylation of guanidoacetic acid; 
and as it is more effective in this respect than homocysteine, the actual 
carrier is probably closer to homocystine than to homocysteine. The occur- 
rence of homocystine or homocysteine in vivo remains to be demonstrated. 

The above observations do not answer the question whether the forma- 
tion of methionine is an obligatory antecedent to the methylation of guani- 
doacetic acid by homocystine plus choline. The immediate methyl donor 
to guanidoacetic acid may be methionine or a derivative of it or of methyl- 
ated homocystine. We hold this question open because of observations 
(unpublished) on the inhibition of the methylation of guanidoacetic acid by 
oxidation inhibitors, e.g. KCN, As,O3, and As2Os. 

1 Borsook, H., and Dubnoff, J. W., J. Biol. Chem., 132, 559 (1940). 

*du Vigneaud, V., Chandler, J. P., Moyer, A. W., and Keppel, D. M., J. Biol. 
Chem., 181, 57 (1939). 

+ Simmonds, 8., Cohn, M., Chandler, J. P., and du Vigneaud, V., J. Biol. Chem., 
149, 519 (1943). 

‘du Vigneaud, V., Harvey Lectures, 38, 39 (1942-43). 

5 We wish to thank Professor Vincent du Vigneaud for his generous gift of the 
dl-homocystine and dl-homocysteine used in these experiments. 
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The results are expressed a8 Qereatine X 100. All solutions contained 1.5 mg. per 
cent of guanidoacetic acid. 
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The table summarizes some typical results. The values in the appropri- 
ate controls are omitted. 
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LETTERS TO THE EDITORS 


Methylation of Guanidoacetic Acid by Rat Liver Slices 


Guanidoacetic acid plus 


dl-Homocys- | d/-Homocys- 


dl-Methio- di-Homo- dl-Homo- Choline tine (6.25 teine (6.25 
nine (6.25 | cystine (6.25 | cysteine (6.25| chloride (39 mg. per cent) | mg. per cent) 

mg. per mg. per mg. per mg. per + choline + choline 

cent cent cent) cent) chloride (39 chloride (39 


mg. per cent) | mg. per cent) 


5.28 1.85 2.04 2.04 5.77 2.68 

3.19 1.61 1.87 3.46 1.50 

3.00 0.93 0.90 1.23 2.66 1.96 
2.46 


2.01 0.40 0.32 0.80 











THE ADSORPTION OF PHOSPHATES BY ENAMEL, DENTIN? 
AND BONE 


II. THE ADSORPTION RATES FROM CONCENTRATED SOLUTION 


Sirs: 

The demonstrations of apparent plateaus in the adsorption of a number * 
of ions on powdered calcified tissues after exposures of 30 to 90 minutes 
to the various aqueous solutions led Johansson et al.' recently to study 


20 rae | 
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Fig. 1. Adsorption on hard tissues. Amounts of phosphates adsorbed (mg. of 
P per gm.) from 0.2 M aqueous solutions of disodium acid phosphate are plotted as 
ordinates against the square root of the exposure time in hours. Bone adsorbs more 
than dentin which adsorbs more than enamel. The regression lines shown have the 
following constants for the equation X/M = a + bv/t: bone, a = 11.2, b = 3.3; 
dentin, a = 4.9, b = 4.0; enamel, a = 0.2,b = 0.5. The lines for bone and dentin, if 

extrapolated, would intersect at 81 hours. 








° 


adsorption characteristics during much longer periods. Johansson et al. 
demonstrated (a) that the calcified tissues continued to adsorb ions for 
periods up to 64 hours with no indication of decreasing rates; (b) that 
diffusion was probably one of the controlling factors in the adsorption rates 
(shown by a linear relationship between the amount adsorbed (X/M) 


1 Johansson, E. G., Falkenheim, M., and Hodge, H. C., J. Biol. Chem., 169, 129 
(1945). 
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and the square root of the time of exposure); and (c) that although the 
amounts of ions adsorbed in the initial exposures were in the order bone > 
dentin > enamel, the slopes of the adsorption curves differed in such a way 
that after 64 hours exposure enamel > dentin > bone in adsorbing power. 

The experiments have been repeated (Fig. 1) for periods up to 8 hours and 
the first two observations confirmed, although the absolute value of X/M 
was considerably less than that reported by Johansson et al. We have 
been unable to confirm the third observation that enamel adsorbed more 
than dentin or bone after prolonged exposures. 

We wish to thank Miss Elizabeth Street for the calculations of the 
regression lines. 
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Acetyltryptophane: Utilization,  Al- 

banese, Frankston, and Irby, 31 
Adrenal(s): Cortex extract, fractiona- 


tion, Kuizenga, Nelson, Lyster, and 


Ingle, 15 
Adrenalin: See also Epinephrine 
Air: Carbon monoxide determination, 


micro-, Roughton and Root, 135 


Albumin: Blood serum, denatured, elec- | 
trophoretic properties, Putnam and | 


Neurath, 239 
——, dodecy] sulfate mixtures, molecu- 
lar-kineties, Neurath and Putnam, 
397 
Alcohol: Ethyl. See Ethyl alcohol 
Alkaloid(s): Veratrine, Uhle and Jacobs, 
243 
Jacobs and Craig, 555 
—, octahydropyrrocoljne ring system, 
Uhle and Jacobs, 243 
Veratrum viride, Jacobs and Craig, 
555 
Alkylamine(s): N-Pantoyl-, and related 
compounds, growth effect, Shive and 
Snell, 287 
Amino acid(s): d-, utilization, Albanese, 
Irby, and Frankston, 25 
Albanese, Frankston, and Irby, 
31, 441 
Determination, microbiological, Stokes, 
Gunness, Dwyer, and Caswell, 35 
Essential, determination, microbiologi- 
cal, Stokes, Gunness, Dwyer, and 


Caswell, 35 
Lactobacillus arabinosus growth, effect, 
Fling and Foz, 329 


Liver fat, effect, Beveridge, Lucas, and 
O'Grady, 505 


375 | 


' 


Ammonium 








salt(s): Urea formation 
from, liver slices in vitro, caffeine 
effect, Bernheim and Bernheim, 249 
Androstene-3(8), 17(a)-diol: A®‘-, urine, 


isolation, dehydroisoandrosterone 
administration effect, Mason and 
Kepler, 255 


Androsterone: Dehydroiso-, urine, an- 
drosterone, etiocholan-3 (8 )-ol-17- 
one, and A‘-androstene-3(8),17(a)- 
diol isolation, administration effect, 
Mason and Kepler, 255 

Urine, isolation, dehydroisoandroster- 
one administration effect, Mason and 
Kepler, 255 

Anhydrase: Carbonic, determination, 

Mitchell, Pozzani, and Fessenden, 
283 
Anoxia: Tissue phosphorus, effect, Proger, 


Decaneas, and Schmidt, 233 
Arginine: Utilization, Albanese, Irby, 
and Frankston, 25 


Ascorbic acid: Blood serum, determina- 
tion, micro-, Lowry, Lopez, and 
Bessey, 609 

Determination, indophenol-xylene ex- 
traction, Robinson and Stotz, 217 


Bacillus: See also Lactobacillus 

Bacteria: See also Streptococcus 
Bicarbonate: Liver dehydrogenase, ef- 
fect, Greenstein and Chalkley, 371 
Biotin: Biosynthesis, desthiobiotin rela- 
tion, Tatum, 455 
Desthio-, biotin biosynthesis, relation, 
Tatum, 455 
Oxy-, determination, biotin presence, 
Hofmann and Winnick, 449 
Blood: Carbon monoxide determination, 
micro-, Roughton and Root, 123 
Coagulation, tissue cell structure, rela- 


tion, Chargaff, 351 
Glycine determination, colorimetric, 
micro, Alerander, Landwehr, and 
Seligman, 51 
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Blood—continued: 
Phosphorus fractions, insulin and 
epinephrine effect, Weissberger, 481 
Ribonucleinase determination, mano- 
metric, Zittle and Reading, 519 
See also Hematopoiesis 
Blood plasma: Choline determination, 
Entenman and Chaikoff, 377 
—, pancreas antifatty liver factor, rela- 
tion, Chaikoff, Entenman, and Mont- 
gomery, 387 
Blood serum: Albumin, denatured, elec- 
trophoretic properties, Putnam and 
Neurath, 239 
Albumin-sodium dodecyl sulfate mix- 


tures, molecular-kinetics, Neurath 
and Putnam, 397 
Ascorbic acid determination, micro-, 
Lowry, Lopez, and Bessey, 609 
Copper, determination, Cartwright, 
Jones, and Wintrobe, 593 
Thiouracil, determination, Christensen, 


425 
—, ultrafiltrability, Christensen, 425 
Blood sugar: Determination, Somogyi, 


69 
Bone: Phosphate adsorption, Hodge and 
Falkenheim, 637 


Brain: Metabolism, oxygen pressure ef- 
fect, Stadie, Riggs, and Haugaard, 
191 


C 


Urea formation from am- 


Caffeine: 


monium salts, liver slices in vitro, | 


effect, Bernheim and Bernheim, 

249 
Carbon dioxide: Fixation in oxalacetate, 
liver effect, Utter and Wood, 375 
Carbonic anhydrase: 

Mitchell, Pozzani, and Fessenden, 
283 
Carbon monoxide: Air, determination, 
micro-, Roughton and Root, 135 
Blood, determination, micro-, Rough- 
ton and Root, 123 
Carboxylase: Code-, vitamin Bs conver- 
sion, pyridoxine réle, Bellamy, Um- 


breit, and Gunsalus, 461 | 


Determination, | 





INDEX 


| Cell: Nucleus, liver, lipid partition, Wil- 
liams, Kaucher, Richards, Moyer, 


and Sharpless, 227 
Structure, tissue, blood coagulation, 
relation, Chargaff, 351 
Chloride: Deficiency, Cuthbertson and 
Greenberg, 83 
Choline: Blood plasma, determination, 
Entenman and Chaikof, 377 


— —, pancreas antifatty liver factor, 
relation, Chaikoff, Entenman, and 
Montgomery, 387 

Diet requirements, 7'readwell, 601 

Homocystine and, guanidoacetic acid 
methylation by, liver slices, Borsook 





and Dubnoff, 635 
Liver, determination, Entenman and 
Chaikoff, 377 

| Chymotrypsin: Essential groups, Sizer, 
| 547 
- Coagulation: Blood, tissue cell structure, 
relation, Chargaff, 351 


| Codecarboxylase: Vitamin Bs conver- 
sion, pyridoxine réle, Bellamy, Um- 
breit, and Gunsalus, 461 
Conjugase: Vitamin B., pancreas, Mims 
and Laskowski, 493 
| Copper: Blood serum, determination, 
Cartwright, Jones, and Wintrobe, 
593 
Corticosteroid-like substance (s): Urine, 
determination, colorimetric, Talbot, 
Saltzman, Wixom, and Wolfe, 535 
Cystine: Diet requirements, 7'readwell, 
601 
Homo-, choline, and guanidoacetic acid 
methylation by, liver slices, Borsook 
and Dubnoff, 635 
| Cytochrome: c, isocitric dehydrogenase 
system and, reaction, Ochoa, 373 
—, tissue phosphorus, effect, Proger, 
Decaneas, and Schmidt, 233 


| 
| 
| 


D 


Dehydrogenase: Isocitric, system, cyto- 
chrome c and, reaction, Ochoa, 373 
Liver, bicarbonate and diphosphopyri- 
dine nucleotide effect, Greenstein and 
Chalkley, 371 
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Dehydroisoandrosterone: Urine andros- | Fat(s)—continued: 


terone, etiocholan-3 (a)-ol-17-one, 
and A®-androstene-3(8), 17(a)-diol 
isolation, administration effect, Ma- 
son and Kepler, 255 
Dentin: Phosphate adsorption, Hodge and 
Falkenheim, 637 
Desthiobiotin: Biotin biosynthesis, rela- 
tion, Tatum, 455 
Detergent(s): Synthetic, proteins and, 
interaction, Neurath and Putnam, 
397 
Diphosphopyridine nucleotide: Liver de- 
hydrogenase, effect, Greenstein and 





| 


Chalkley, 371 
E 
Enamel: Phosphate’ adsorption, Hodge 
and Falkenheim, 637 
Enzyme(s): Liver relation, Moulder, 
Vennesland, and Evans, 305 | 
Pectin, McColloch and Kertesz, 149 | 


Streptococcus faecalis-stimulating fac- 
tor, liberation, kinetics, Lemon and 


Totter, 301 
Urie acid oxidation, effect, Klemperer, 
111 


See also Anhydrase, 
Codecarboxylase, Conjugase, Dehy- 
drogenase, Hexokinase, 
terase, Pectinase, Phosphorylase, 
Ribonucleinase 

Epidermis: Human, minerals, Sunizeff 
and Carruthers, 567 


Chymotrypsin, | 


Methyles- | 


Epinephrine : Blood phosphorus fractions, | 


effect, Weissberger, 


481 | 


Esterase: Pectin-methyl-, removal, ion | 


exchange resin, use, McColloch and 
Kertesz, 149 
Ethyl alcohol: Solutes, behavior, Hill- 
Baldes apparatus, Lifson and Hill, 
327 

Etiocholan-3 (a)-ol-17-one: Urine, isola- 
tion, dehydroisoandrostrone admin- 


255 
F 


Fat(s): Liver, amino acids, effect, Bev- 
eridge, Lucas, and O’Grady, 505 


Liver, proteins, effect, Beveridge, 
Lucas, and O’Grady, 505 
Wool, acid, d-14-methylpalmitic acid 
relation, Velick and English, 473 
Fatty acid(s): Synthesis, acetic acid rela- 
tion, Rittenberg and Bloch, 417 
Folic acid: Formation, Lactobacillus casei 
factor and liver, relation, Daniel, 
Scott, Norris, and Heuser, 265 

—, pyracin and liver, relation, Daniel, 
Scott, Norris, and Heuser, 265 
Formaldehyde; Free, determination, dif- 
fusion method, Boydand Logan, 571 


G 


Galactoflavin: Antiriboflavin relation, 
Emerson, Wurtz, and Johnson, 165 
Globin: Hematopoiesis, isoleucine and, 
relation, Orten, Bourque, and Orten, 
435 

Glycine: Blood, determination, colori- 
metric, micro, Alexander, Landwehr, 
and Seligman, 51 
Urine, determination, colorimetric, mi- 
cro, Alexander, Landwehr, and Selig- 
man, 51 
Glycogen: Liver, synthesis and respira- 
tion, relation, Crandall, 343 
Growth: Lactobacillus arabinosus, amino 


acid effect, Fling and Foz, 329 
Lipotropism and, Treadwell, 601 


Neurospora, purine-deficient, require- 


ments, Pierce and Loring, 409 
Pantothenic acid analogues, effect, 
Shive and Snell, 287 


N-Pantoylalkylamines and related com- 
pounds, effect, Shive and Snell, 287 
Guanidoacetic acid: Methylation by 
homocystine plus choline, liver slices, 
Borsook and Dubnoff, 635 


H 


. | Hematopoiesis: Globin and isoleucine re- 
istration effect, Mason and Kepler, | 


| 
| 


| 


lation, Orten, Bourque, and Orten, 


435 
Hexokinase: Reaction, insulin effect, 
Price, Cori, and Colowick, 633 


—, pituitary, anterior, extract, effect, 
Price, Cori, and Colowick, 633 
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Hill-Baldes: Apparatus, ethyl alcohol 
solutes, behavior, Lifson and Hill, 

327 

Histidine: Utilization, Albanese, Frank 

ston, and Irby, 141 

Homocystine: Choline and, guanidoace- 

tic acid methylation, liver slices, 

Borsook and Dubnoff, 635 


I 


Indophenol: -Xylene extraction, ascorbic 


acid determination, Robinson and 
Stotz, 217 
Insulin: Blood phosphorus fractions, ef- 
fect, Weissberger, 481 
Hexokinase reaction, effect, Price, Cori, 
and Colowick, 633 


Pancreatectomy and, fatty livers, 
methionine effect, Chaikoff, Enten- 
man, and Montgomery, 489 

Ion(s): Exchange resin, pectin-methyl- 
esterase removal, use, McColloch and 


Kertesz, 149 
Isocitric dehydrogenase: System, cyto- 
chrome c and, reaction, Ochoa, 373 


Isoleucine: Hematopoiesis, globin and, 
relation, Orten, Bourque, and Orten, 
135 


K 


Kidney: Metabolism, oxygen 
effect, Stadie, Riggs, and Haugaard, 


pressure 


209 

L 
Lactobacillus arabinosus: Growth, amino 
acid effect, Fling and For, 329 
Lactobacillus casei: Factor, folic acid 
formation, relation, Daniel, Scott, 
Norris, and Heuser, 265 


Leucine: Iso-, hematopoiesis, globin and, 
relation, Orten, Bourque, and Orten, 

135 

Lipid(s): Liver, cell nuclei, partition, 
Williams, Kaucher, Richards, Moyer, 


and Sharpless, 227 
Lipotropism: Growth and, Treadwell, 
601 





INDEX 


Liver: Antifatty factor, pancreas, blood 
plasma choline, relation, Chaikoff, 
Entenman, and Montgomery, 387 
, mechanism, Chaikoff, Enten- 
man, and Montgomery, 387, 489 
Carbon dioxide fixation, oxalacetate 
effect, Utter and Wood, 375 

Cell nuclei, lipid partition, Williams, 


| 


, 


Kaucher, Richards, Moyer, and 
Sharpless, 227 
Choline determination, Entenman and 
Chaikoff, 377 


Dehydrogenase, bicarbonate and di- 


phosphopyridine nucleotide effect, 
Greenstein and Chalkley, 371 
Enzyme reactions, relation, Moulder, 
Vennesland, and Evans, 305 
Fat, amino acids, effect, Beveridge, Lu- 
cas, and O’Grady, 505 
-, proteins, effect, Beveridge, Lucas, 
and O’ Grady, 505 


Fatty, pancreatectomy, methionine 
effect, Chaikoff, Entenman, and Mont- 
gomery, 489 

Folic acid formation, relation, Daniel, 
Scott, Norris, and Heuser, 265 

Glycogen, synthesis and respiration, 
relation, Crandall, 343 


Guanidoacetic acid methylation by 
homocystine plus choline, Borsook 
and Dubnoff, 635 

Metabolism, oxygen pressure, effect, 
Stadie, Riggs, and Haugaard, 209 

Sulfanilamide acetylation, relation, 

Lipmann, 173 
Urea formation from ammonium salts 
by, in vitro, caffeine effect, Bernheim 
and Bernheim, 249 

Lung: Metabolism, oxygen pressure ef- 

fect, Stadie, Riggs, and Haugaard, 


209 
Lysine: Determination, Neurospora mu- 
tant, use, Doermann, 95 


M 


Meat: Pancreatectomy and, fatty livers, 
methionine effect, Chaikoff, Enten- 
man, and Montgomery, 489 

Methionine: Diet requirements, Tread- 
well, 601 
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Methionine—continued: 
Fatty livers, pancreatectomy, effect, 
Chaikoff, Entenman, and Montgomery, 
489 


Methylesterase: Pectin-, removal, ion 
exchange resin, use, McColloch and 
Kertesz, 149 


Methylpalmitic acid: d-14-, synthesis and 
configuration, Velick and English, 
473 


—, wool fat acid relation, Velick and 


English, 473 
Mineral(s): Epidermis, human, Sunizeff 
and Carruthers, 567 


Mold: See also Neurospora 
Mononucleotide(s): Ribonucleic acids, 


commercial, ribonucleinase, effect, 
Zittle, 527 
Muscle: Metabolism, oxygen pressure 
effect, Stadie, Riggs, and Haugaard, 
209 
N 

Neurospora: Mutant, lysine determina- 
tion, use, Doermann, 95 


Purine-deficient, growth requirements, 
Pierce and Loring, 409 
Nucleic acid(s): Ribo-, 
mononucleotides, ribonucleinase ef- 
fect, Zittle, 527 


commercial, 


Nucleotide (s): Diphosphopyridine, liver | 


dehydrogenase, effect, Greenstein and 


Chalkley, 371 
Mono-, ribonucleic acids, commercial, 
ribonucleinase, effect, Zittle, 527 


Nucleus: See Cell 


O 


Octahydropyrrocoline: Ring system, 
veratrine alkaloids, Uhle and Jacobs, 


243 
Oxalacetate: Carbon dioxide fixation, 
liver effect, Utter and Wood, 375 


Oxybiotin: Determination, biotin pres- 
ence, Hofmann and Winnick, 449 
Oxygen: Poisoning, Stadie, Riggs, and 


Haugaard, 191, 209 
Pressure, brain metabolism, effect, 
Stadie, Riggs, and Haugaard, 191 


649 


Oxygen—contlinued: 

Pressure, kidney metabolism, effect, 
Stadie, Riggs, and Haugaard, 209 

, liver metabolism, effect, Stadie, 
Riggs, and Haugaard, 209 
lung metabolism, effect, Stadie, 
Riggs, and Haugaard 209 

—, muscle metabolism, effect, Siadie, 


, 


Riggs, and Haugaard, 209 
P 


Palmitic acid: d-14-Methyl-, synthesis 
and configuration, Velick and Eng- 
lish, 473 
, wool fat acid relation, Velick and 
English, 473 

Pancreas: Antifatty liver factor, blood 
plasma choline, relation, Chaikoff, 
Entenman, and Montgomery, 387 

-- mechanism, Chaikoff, Enten- 

man, and Montgomery, 387, 489 
Vitamin B,. conjugase, Mims and Las- 
kowski, 493 

Pancreatectomy: Fatty liver, methionine 
effect, Chaikoff, Entenman, and 
Montgomery, 489 

Pantothenic acid: Analogues, growth ef- 
fect, Shive and Snell, 287 

Pantoylalkylamine(s): N-, and related 
compounds, growth effect, Shive and 


Snell, 287 
Pectic enzyme(s): McColloch and Ker- 
tesz, 149 


Pectin: -Methylesterase removal, ion ex- 
change resin, use, McColloch and 


Kertesz, 149 
Pectinase: Pectin-methylesterase re- 
moval, ion exchange resin, use, 
McColloch and Kertesz, 149 


Phosphate (s): Bone, adsorption, Hodge 
and Falkenheim, 637 
Dentin, adsorption, Hodge and Falken- 


heim, 637 
Enamel, adsorption, Hodge and Falken- 
heim, 637 
Phosphorus: Blood, fractions, insulin 
and epinephrine effect, Weissberger, 
481 


Tissue, anoxia and cytochrome c effect, 
Proger, Decaneas, and Schmidt, 233 
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Phosphorylase: Potato, polysaccharides 
and polysaccharide degradation prod- 
ucts, effect, Hidy and Day, 273 

Phosphorylation: Aerobic, tissue slices, 
Kaplan, Memelsdorff, and Dodge, 


631 

Pituitary: Anterior, extract, hexokinase 
reaction, effect, Price, Cori, and 
Colowick, 633 
Thyrotropic hormone, preparation, 
Ciereszko, 585 
Polysaccharide(s): Degradation prod- 
ucts, potato phosphorylase, effect, 
Hidy and Day, 273 
Potato phosphorylase, effect, Hidy and 
Day, 273 
Potassium: Biological materials, deter- 
mination, photometric, Salomé 
Pereira, 617 


Potato: Phosphorylase, polysaccharides 
and polysaccharide degradation prod- 
ucts, effect, Hidy and Day, 273 

Protein(s): Detergents, synthetic, and 


interaction, Neurath and Putnam, 
397 

Liver fat, effect, Beveridge, Lucas, and 
O’ Grady, 505 


Purine: -Deficient Neurospora, growth 
requirements, Pierce and Loring, 

409 

Pyracin: Folic acid formation, relation, 
Daniel, Scott, Norris, and Heuser, 


265 

Pyridoxine: Deficiency, tryptophane 
fate, Axelrod, Morgan, and Lepkov- 
sky, 155 


Vitamin Bs, conversion to codecarboxy- 
lase, réle, Bellamy, Umbreit, and 
Gunsalus, 461 

Pyrrocoline: Octahydro-, ring system, 
veratrine alkaloids, Uhle and Jacobs, 
243 


R 


Resin: Ion exchange, pectin-methyles- 
terase removal, use, McColloch and 


Kertesz, 149 
Respiration: Liver glycogen, synthesis 
relation, Crandall, 343 


INDEX 


| Respiration—continued: 
| Stimulation, yeast extract, mechanism, 
Kreke and Suter, 105 


| Riboflavin: Anti-, galactoflavin, relation, 

Emerson, Wurtz, and Johnson, 165 

Derivatives, preparation and biological 
activity, Furter, Haas, and Rubin, 

293 

| Ribonucleic acid(s): Commercial, mono- 

nucleotides, ribonucleinase, effect, 


Zittle, 527 
Ribonucleinase: Zittle and Reading, 
519 

Zittle, 527 

Blood, determination, manometric, Zit- 

tle and Reading, 519 
Ribonucleic acids, commercial, mono- 

nucleotide effect, Zittle, 527 

Tissues, determination, manometric, 

Zittle and Reading, 519 

Ss 
| Sapogenin: Sarsa-, solanidine derivative, 
conversion, Uhle and Jacobs, 243 
Sarsasapogenin: Solanidine derivative, 
conversion, Uhle and Jacobs, 243 


Skin: See also Epidermis 
Sodium dodecyl! sulfate: Blood serum al- 
bumin mixtures, molecular-kineties, 


| Neurath and Putnam, 397 
| Solanidine : Derivative of sarsasapogenin, 
conversion, Uhle and Jacobs, 243 


| Streptococcus faecalis: -Stimulating fac- 
tor, liberation, enzymatic, kinetics, 
Lemon and Totter, 301 
Streptomycin: Isolation and purification, 
Carter, Clark, Dickman, Loo, Skell, 
and Strong, 337 

| Sugar(s): Blood. See Blood sugar 
| Determination, reagent, Somogyi, 61 
| Sulfanilamide: Acetylation, liver rela- 
tion, Lipmann, 173 


| 
| 
| 
| 
} 
| 


T 


Thiamine: Anti-, thiamine 2-n-butylpy- 
rimidine homologue, effect, Emerson 
and Southwick, 169 

2-n-Butylpyrimidine homologue, anti- 
thiamine effect, Emerson and South- 
wick, 169 








05 
on, 


“al 


93 


27 


19 
27 
it- 
19 


27 
c, 


19 


re, 
43 


il- 
97 


n, 
43 





SUBJECTS 651 


Thiamine—continued: 
Urine, determination, thiochrome 
method, Mickelsen, Condiff, and 
Keys, 361 


Thiochrome: Urine thiamine determina- 
tion, use, Mickelsen, Condiff, and 


Keys, 361 
Thiouracil: Blood serum, determination, 
Christensen, 425 

— —, ultrafiltrability, Christensen, 
425 
Thyrotropic hormone: Pituitary, prepara- 
tion, Ciereszko, 585 
Trypsin: Chymo-, essential groups, Sizer, 
547 
Tryptophane: Acetyl-, utilization, Al- 
banese, Frankston, and Irby, 31 
Fate, Axelrod, Morgan, and Lepkovsky, 
155 
Pyridoxine deficiency, fate, Azelrod, 
Morgan, and Lepkovsky, 155 
Tyrocidine : Chemical groups, free, Chris- 
tensen, 75 

U 


Urea: Formation from ammonium salts, 
liver slices in vitro, caffeine effect, 


Bernheim and Bernheim, 249 
Uric acid: Oxidation, enzymatic, Klem- 
perer, 111 


Urine: A‘-Androstene-3(8), 17(a)-diol 
isolation, dehydroisoandrosterone 
administration effect, Mason and 
Kepler, 255 

Androsterone isolation, dehydroisoan- 
drosterone administration effect, Ma- 
son and Kepler, 255 

Corticosteroid-like substances, deter- 
mination, colorimetric, Talbot, Saltz- 
man, Wixom, and Wolfe, 535 





Urine—continued: 

Etiocholan-3 (a)-ol-17-one isolation, de- 
hydroisoandrosterone administration 
effect, Mason and Kepler, 255 

Glycine determination, colorimetric, 
micro, Alezander, Landwehr, and 
Seligman, 51 

Thiamine determination, thiochrome 
method, Mickelsen, Condiff, and 


Keys, 361 

Vv 
Veratrine: Alkaloids, Uhle and Jacods, 
243 
Jacobs and Craig, 555 
—, octahydropyrrocoline ring system, 
Uhle and Jacobs, 243 
Veratrum viride: Alkaloids, Jacobs and 
Craig, 555 
Vitamin(s): B. conjugase, pancreas, 
Mims and Laskowski, 493 


Be complex, determinations, compari- 
son, Melnick, Hochberg, Himes, and 
Oser, 1 

— conversion to codecarboxylase, pyri- 
doxine réle, Bellamy, Umbreit, and 


Gunsalus, 461 
—, nature, Melnick, Hochberg, Himes, 
and Oser, 1 
C. See also Ascorbic acid 

WwW 
Wool: Fat acid, d-14-methylpalmitic acid 
relation, Velick and English, 473 

xX 


Xylene: Indophenol-, extraction, ascor- 
bic acid determination, Robinson and 
Stotz, 217 


Y 


Yeast: Extracts, respiration stimulation, 
mechanism, Kreke and Suter, 105 
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